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FOREWORD

Research Analysis Corporation Projec P 27wsii
tiated 10 January 1964 to conduct an operatioareuem tw
cost-effectiveness study for an austere, low-otprsne n
weapons carrier with a rated payload of Itoineddo
replace the present Truck, Utility, '/4 -ton,4x4,M5.Ti
study includes data that could be used in detriigtefa
sibility of developing a vehicle capale of bIngsl rple
over inland waterways at sipeeds of up to 4mhwtotse
cia preparations,

Statitical data were compiled with teassac fL
Col Glen W, Smith,-Military Advisor, andtehiaprsnl
of the truck and automotive industry, Theedtwrea-
lized for making a technical evaluation of tepooe ei
cle and formulating the specificatons for vehceprfrac
with tht ir relae costs,, The object of this tdgst rvd
sufficier t informatio-n for a basis on which omk]uget
ind4g0taefsfrmwihvhcesecfctoscudb
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Problem

(a) To evaluate the effect of the essential anddsrbepromne n
physical characteristics proposed in the Army'squltivmaeelrur-
7iments (QMR) for the '/4-ton trutc.k on its operatoa aaiitrlaiiy
maintainability, and cost and (b) to recommend oteOfc fteCifo
Research and Development (OCRD) whether tocotnepcumntfth
present M151 vehicles, procure commerciallyaaiblvecesordig
and develop a new vehicle concept.,

Facts

In Octobl,-.r 1960, US Continental Army Conmr UCNRO umte
the result of a study to CRD recommending replaeeto h cretsad
ard M151 truck by a new '/4-ton 4 x 4 utility truck nAgs 93teeat
ment of the Army directed that a new QMR fora'-ontukbdelpd
stesn A-----1-----0Isipcty duaiiy eas of- manenne an lowe cos tha that * '

FOR OFFICIAL USE ONLY



(a) Modifying the present M151 for the pupsIfrdcn otbicr
porating high-production commercial componns lmntngieso on
ponents where possible, and improving reliabltofheviceymdfin
components where statistical data indicate thi] ob d~rbe

(b) Modifying the present commerciallyaviblvecesuhastejp
and the Scout to meet military requirements.

(c) Designing a new vehicle concept incoroaigtebs etrso h
present 74-ton utility truck and the commerialavibevhce.

(d) Designing a vehicle concept havingamhboscpiltewtou
compromising on land mobility and without subtanilyicesn eil ot

Various truck manufacturers were contatdt eemnewa hi b
jections were in reference to the proprietaryrgtxlueadwa feti
any this clause may have on vehicle design.Inadtoanefrwsmdeo
determine the effect of providing commercio pr prsi tepeen ii
tary system compared with the limiting of dacsithsaeofhertn
order to continue use of Ordnance -approved cmoet.Mnfcueswr
encouraged to express their opinions as to thI s frgdseiiain n
related costs on iftemis such as radio suppressoontelcriasyemw-
terproofing and fungisproofing electrical compnns anig fvhce n
many of the componelots, and close tolerancesspcfeondaig.Tssty
also considered the vairious kits that could be aatdt h ai eilcs
effect of increasing procurement quantities,'adteipraceo anann
continuity of a program.,

All applicable data were evaluated for trd-fIosdrain nrgr
to~~~~~_ utiity moilty reibiiy coptbiiy maintainabilityproductibiity
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This vehicle would meet all the requiremenssae nteQRwt h xe-
tion of the degree of reliability requiired and the flotn aaiiy Tecs ftie
hicle is estimated to be $2250. This is less thanthcotfteM51wihis$42
This reduction canbe accomplished through use of xsigcm ecalopnnshv
ing equal or greater reliability than those now uedothM51suhatetrnm -
sion, differentials, and suspension system. In addiin(otsvn cnb aeb e
leting the waterproofing requirements in the electrica ytmadeiiaigteaatr
for the deep fording kit. The cost of the necessar niern ndton oacm
plish these changes would be relatively small comprdt hto cmltl e e
hicle development program. The reliability of the 11hsbe etrie n on
to be good. The reliability of a completely new veilwodinalpbbltyeque
poor until numerous and costly modifications haebeNaetooretdfcece
found as a result of tests and reports by the user.

4. Although data are lacking for a definitvjoprsn h s facm
mercial vehicle under field conditions wouldreutiahgero rtonlcs
than that of a military vehicle., In addition a Lare ubro pr at ol
be required, and cost due to downtime would b ihr

Unlike military vehicles, commerc ial -typeveilsaedigdtom tlmtd
specific terrain and environment. They are producdwt h nwedeta hi e
liability is limited to a specific mission, and a dkge fdpnaiit a esciie
for the low initial cost., Without additional andcopensvstdthefctntta
investment and operational cost that could be incresdbadciontdvlpanu-
tere vehicle cannot be assessed at this time.

5.o If a swimming or floating capability I eurd h eil hudb
amphibious, having a minimum water speedof4mh

T+i siae hta mhbosvhcecudb eindadpoue o 30



4. It is recommended that reliable high-prodioncm eca on
ponents be substituted for some of the major and io opnnso h
present '/4-ton truck.

There are two approaches to this final design, eite fwihwl euti h
best vehicle for its cost: (a) modify the present M151 toinoprtthremedd
commercial components, (b) prepare a new design incorpoaiga ayo h rsn
M151 components as poseible. The choice between the twomtossoudbiaeb
the successful contractor after completion of the generalarngm tdawgsihte
approval of the cognizant government agency.

5. In order to benefit from experience and disoeistaacmp ya
hardware development program, the QMR or RE PD hudipe ntam ho
of trade-off considerations for cost effectiveness.

The engineering and service test criteria are the bIs o einacpac n
subsequent type classification. The Test and Evaluation(Cmad ihth epo ai
ous test boards, formulates a testing plan to which testrg rpooyemdl r
subjected. These tests are performed to determine whehrtedsglet h e
quirements specified in the QMR. There is very littk, flexbltntets n vla
tion program, since its mission is fixed by the QMR. Ti iiiycnadpoal
does force the contractor to design the vehicle to meetthreuemnsadpste
plan of test without the advantage of implementing trade-ofcnieain.A.uhr
ized person or committee should be in a position to peritrpdactneorio-
poration of sound recommendations and suggestions made ytecnrctr hc ol
result in vehicle or component design based on the bestcmrmseetencs n
effectiveness.

6. A new or improved definition of reliability n ananaiiysol
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INTRODUCTION

RAC received a contract from OCRD to evalutetefecofheppsd
essential and desirable performances and physical hrceitcnoea
tional capability, reliability, maintainability, and cs ftepooe -o
utility truck. On 10 January 1964 a study RP- 127waesblhd.Tepr
pose of this study was to evaluate the Army's QM] rpoue nfl nApA
and to make recommendations to ORD whether to(otnepoueeto h
present M151 vehicles, procure commercially avaialvecesordigan
develop a new vehicle concept., At the same tine ATCslcterpsl
from industry for the production of a vehicle thatwudme h seiiain
based on the QMR.,

The study was approached by reviewing the reqieet n hoeial
designing a vehicle concept that would meet the Arm'ieureet.Fu
separate concepts were evaluated:

(a) Modifying the present M151 for the purpos frdcn otb n
corporating high -product ion commercial componenteiiaigIeso
components where potsible, and improving reliabiltofhevicebmdfy
ing components where -3tatistical data indicate LfiS b edsrbe



EVALUATION OF THIM

Cost

Mission Reliabiliy The mission reliabtyothprosdQRcnt
be-j statistically determined because reliability aaaentaalbe hrfr
the cost of the requirement cannot be assessed

It has beeki determined by the analysis ofoeainldtatach rsn
M151 has a reliability of 71 percent. The QM(eursavhcehvn
95 percent reliability,, This high reliability is nelsi ic ti o tan
able in the present state of the art. The cost o hsrqieeta rsnl
stated cannot be assessed.:

A new realistic requirement for reliabilit hudb aewt eii
tion of its meaning.

Pala, Vehicles presently in the fieldhvkh aaiiyo etn h
required payload. A vehicle that would meet tepeetQR ra utr
vehicle, would also have this capability. Thereoecs sntafce yti
requirement.

Inherent Floating Capability The requireeto nihrn laigcp
ability in Inland waters without special prepartopviethscudbo-



horsepower does not follow a lineal function, Thepsntrcm nddege
has the capability to propel the vehicle at susotaine peso 6 p.Ti
would achieve the required overall vehicle performne hrfoeti e
quirement does not increase the vehicle's cost.

30 Mph-, -6 Percent. Grade with Full Load and(oe od hsrqie
ment is accomplished when maximum vehicle spee4 sstsid n hrfr
no additional cost is effected.

Horsepower -to -Weight Ratio, 30 Hp/ Ton Minmr1 hsrqieeti
fulfilled now and would have no effect on cost. Sinetesedi Jucino
horsepower and the speed requirement is satisfied h bv rqieeti
automatically fulfilled. Either speed or horsepowe/o eureetwih
ever is greater, should be listed in the QMR, butnobth

Wall-to-Wall Turning Radius of 18 Ft. This eurmn i neeti
the present steering system and size of the vehicle thsn feto ot

90 Percent Probability, Minor and Major Ovral0h pooe M
specification of a 90 perC.ent probability of achieing1,0 ie ihu
minor and 25,000 miles without major overhaul orrpaeetoc ao
component is unrealistically high. The cost cannotb sesd

Wide Liquid-Fuel Rang. An engine with muifecabitessuhs
the diesel or turbine, is many times more expensv hn h aoin nie
Not only are these engines more expensive, but coptbeowrrancm
ponents also would be more expensive. Thereforetirquemnisotec
ommended (see the discussion of engine selection ntescin"ehia
Analysis of the Vehicle,),.

Storage Degradation. The cost of meeting therqiedlmt'o eo
and field-storage degradation in ready rate is neliblprvddtathve-
cle is properly prepared for storage and that storaecniin aemitie
within tolerable Ilmits., Since the present M151 is aal fmeigseii



Spare Tire. The provision for the stowagof pr ieta ilpo
vide get-home capability can be incorporatedatnaprxm ecotf$3.0
It will not occupy any vehicle cargo space and(ilb edl cesbewe
the vehicle is loaded.,

Glove Compartment. A container to holdorainm ulslgbks
and other forms can be incorporated adjacent otetasisoioe o
cost of approximately $12., The container locae ntevhil ahi o
recommended because of the limited availablesa.

Lifting and Tie-Down Eyes. Thi~s requireetcnb ncroae!it
the vehicle at a cost of approximately $6.75.

Turn Signals. This requiremenit increasstecs ppoiaey$5
Turn signals are recommended to comply withsaelw nio h aeyo
the vehicle and personnel (see the discussionoflgtninhesconTcn-
cal Analysis of the Vehicle").

Tire-Chain Clearance. This requiremencabeiorrtdatoad-
tional cost,, This is accompl'o. shed in the vehicl einpaeb rvdn
sufficient clearance in wheel-well areas.

24-v Military Electrical System, 60- to 7-m lentr h oto
a Military Standard 24-v electrical system wiha6-m alentrsap
proximately $71 more than the current militar tnadeecrclsse
incorporated in the M151 (see the discussionoftelcriasyemnth
section "Technical Analysis of the Vehicle").

Angles of Approach arid Departure. Thisrqie ntcnbmtato
additional cost owing to the inherent design oftevhc.

Four-Wheel Drive. This requirement isicroaebI h rsn
M151 vehicles and therefore does not effect addtoa ot oeesol
this requirement be deleted in favor of a two-weldie. cs aigo
approximately $125 can be realized. This is ntrcm eddsn'i ol



Slave Receptacle. This requirement will increaetecs prxmtl
$16 and is recommended for use in all vehicles topri mrenysatn
by slaving to other vehicles for continued radio operainadcl ete

starting (see the discussion of power analysis in thescin"chcaAal
ysis of the Vehicle").

Communications Kit., The requirement to provietesaeadtencs
sary mounting pads and structural members is estimtdtocs $5 h

power requirements will add $71 for the 60- to 70-am lentrrqie
(see the discussion of the generating system in theseto"TcnalA lyi
of the Vehicle").

Light -Mac hinegun Kit. The capability of mouinth7.2m (M )
machinegun is accomplished by the addition of memrsithcassan
body. The cost of achieving this requirement Is estiae ob 7

Heavy Assault Weapons (HAW) Kit. The HAWwepniprstludr
development, but the cost of mounting to meet thisreuemncaotbd-
termined at this time.,

Target Unit Cost of $1900. This study has indiae hta utr ei
cle can be produced for $1900, but it will not meet terqie efrac
and physical characteristics of operational capabilitrlaiiy n an
tainability as expressed in the current QMR,

Cross-Country Mobility. The requirement thathveilposseql
or improved cross-country mobility characteristicsoe uretsadr
%/-ton trucks can be met with no increase in cost.,hscpaiiyisihrn
in the selection of similar power-train componentsoealdiegaiais
ar I chassis body design having comparable weights

Fuel- Economy. This requirement has not affece h ot sneterc
ommended engine is the same as specified in the MI 1 hrfre ulcn
sumption would not be affected.

On-Vehicle Stowage of Vehicle Tools and Equimn.Tsreueet
wil add an esiae cost f 36 T'Is stwg failt -s recommended.Z



Effectiveness

Mission Reliability The statistical analyi fmineac at niae
a mission reliability of 71 percent., This is basdorelcmnrahrtn
failure data. The specification of a mission relaiiyi hepooe M
does not contribute to the effectiveness of the QMR

Payload. This requirement assures the vicebdwiledsgndt
carry the required payload while maintaining orcresn t tlt au
and operational effectiveness.

Inherent Floating Capability., A vehicle havn neetfotn aaii
ties does not greatly increase its effectiveness wn t h lmtd ae
speeds obtained through wheel propulsion only., ae pe o p scn
sidered minimum to negotiate most rivers. Inadionveclmbltye-
tering and exiting, requires more thrust than i vial ywel ny(e
the section "Technical Analysis of the Vehicle')

Slopes with Payload. This requirement isiseta oenuemblt
under cross-country operation. Engine selectiowadermndbthmxi
mum speed requirement, which also meets thereuemnofegtaigsps
w ith payload.

Brake Stopping Power. Vehicle brakes mus edsge o aiu
safety and durability. This requirement effectivl'nlunehedsg
criteria on which to base calculations to deterineszlas rsue n
heat dissipation.

Cruising Range., This requirement can beapeitddrnNculcm
bat conditions when the vehicle mission may be eodte7-iedyuiia
tion. During combat the vehicle may be subjectdoaru -hecckpr-
tions. Fuel capacity and vehicle range are of ita moti n hudb
increased whenever possible.

Sustained Speeds on Level Roads. This reqieeti otiprati



compatible transmission for this engine would comicaeteisalto.I
addition, fuel consumption would be considerablygraefothtubnegie

Storage Degradation. The specified storage,-erdto rqieet
will enhance the proposed vehicle ready rate and ices t iiayefc
tiveness. Primarily this vehicle, after having beensbetdtoproso
storage, will be physically capable of performing ismsinwt iiu
effort and time.

Water Self -Propulsion up to 4 Mph An amphiiu aaiiywt ae
speed of 4 mph would enhance the vehicle's overalluiiyvle h ral
increased initial and support cost, however, plus tedces nmitiaiiy
decrease in land mobility, and adverse effect on godhnlE hrceitc
would degrade an important objective and effectivens ftevhce ic h
simplicity of this type of vehicle must he maintaine oesr tsefciees

Compatibility with Present '4-ton Trailer., hsrqieen fet h
vehicle's maneuverability and power requirements.I hscs agregn
was not needed since the selected engine has morepwrtaitculyr-
quired (see graphs in the section "Technical AnalyiofteVhc")

Capacity to Transprt at Least Four PersonnlIcungE ipetTh
capability of transporting at least four personnel adeupeti .rqie
asset to the vehicle. This ability broadens its scop fuiiy n ol e
lease vehicles for other required duties, thereby rdcn h ubro ei
cles required to accomplish a given mission.

Spare Tire., This vehicle encounters many tyeofpraigcnton
in different environments., Because of its broad soeo sflesi ol
unavoidably encounter a variety of sharp objects thtcudpntrIh ie
and disable the vehicle. A readily accessible spaetiewudalwhepr
sonnel to accomplish their mission with a minimu onely

Glove Compartment. The effect of specifying otie ohl aul
and other forms ensures that a suitable containerwolbepvidadsac



have the capability of permitting radio communictosbt nadi h m
mediate area while the vehicle is operating. Thelre eeaigcpct
provides the capability of using winterization, pesneIetrcm uiain
or future kits without the addition of an auxiliaryatrao i setesb
section "Power Analysis" in the section 'Technia nlssofteVhce)

Angles of Approach and Departure. The 60an45dgnleofprac
and departure, respectively, are essential to thembltrqueensoa
vehicle during severe cross-country operations.Ti eurmeti atc
ularly effective in terrain where hills and ditchesaeecutrd

Four-Wheel Drive. This requirement is esetaio rs-3nr
operations., Without this feature mobility, maneueaiiyin h eil'
effectiveness would be greatly reduced.

Maximum Curb Weight of 2700 Lb. This rireetcudafc h
vehicle's performance and airlift capabilities.,h rpsdvhcewudb
within the required maximum weight limits.,

Minimum Time between Scheduled MaintenaciTi eurmn a
be achieved without decreasing the vehicle's effciees

Failure Diagnosis. This requirement can b civdwtotdcesn
the vehicle's effectiveness.

Maximum Repair Time.' This requirement a eahee ihu e
creasing the vehicle's effectiveness.

Arctic Kit, -25 F to -65 0F. The effectiveneso pcfiga rtckt
-25 to -650 F, ensures that mounting provisions nEoe eurmnswl
be prow'ided in the vehicle and that the vehicle wilhvvh aaiiyo prt
ing in a cold environment.

Personnel Heatpr_ -25 0F. The effect of speiyn esonlhae i
for temperatures to -25 OF ensures that mountingsaeadpwrrqieet
will be provided in all vehicles to accepi the kitsThsktwudpoieer
sonnel comfort and would not materially affect tevhcesrlaiiy

Desert +12 & . The imotac of thi reurmn afet th apct



On-Vehicle Stowage. The effect of specifyingsoaepoiin o
vehicular tools, equipment, and individual weaponsfrtedieresrsta
suitable containers or brackets would be designedadpoiewthhevic. '

Inclement -Weather Kits. This requirement esrsta utbekt
would be developed and that necessary mounting faue ol edsge
into the vehicle. The extent of vehicle or personne rtcinwsntseiid

Human Engineering Characteristics. The efetospcyigthsrqr-
ment with respect to seating, controls, control moeetvsanniaos
and displays will be to ensure consideration durinl eil ein hsie
is subject to interpretation and may not be optimu intentaldsg.T
provide specific information for these items is imrciasnethfnld-
termination can be made only after the constructio fapooye

Interrelations between Requirements

Mission Reliabiliy This requirement canbestfidiancepbl
Aevel of reliability of all the components and systescnbeasrd

Payload. This requirement affects all the mao opnns ntepwr
train system, suspension system, chassis, and bod.Altesseshv h
capability of accepting this payload.

Inherent Floating Capabilt. The desired flIngcpbltsdrcl
related to the mobility requirements And adversel ffcscotwegan
mobility.

Slopes with Payload. Provision of the requietoqeaecshetr-
tural components, brakes, engine oil pan and carbueoa~ h errto
in the transmission.

Brake Stopping Power., This requirement is ietyrltdt h ei
cle's payload,, This payload then becomes a part o h rs eil egt
which must be known in order to select the brakes hrfr a h ala



Airdroppability, Phase 1. This requiremen srltdt h eil'
cross-country mobility, weight, and payload capaiylthsa feto h
chassis, suspension system, body, and the locatinolh itigadtedw
eyes, which are used to secure the vehicle durintrsptadfoprche
attachment when air dropped.

Water Self-Propusion, up to 4 Mp.Thisreuemnisdeclrlad
to the mobility requirements that provide for capblt;fmkigwtrcos
ings, but adversely affects mobility on land. Cot0egt n ananblt
objectives are adversely affected. A completelynwvhcedsgprra
would be required to include this capability.

Capability to Transport at Least Four PersneinldigEupet
This requirement is related to the requirement o w-a rwpu ae
payload. This requirement must be consideredinteognadsgnpseo
that the rear seat may be added by the use of seai rces

Spare Tire. This requirement is related totevhcesrlaiiyIegt
and cost.

Turn Signals. This requirement is related otevhceseetiaioe
requirements, human engineering, safety of persnean ot

Tire-Chain Clearance. This requirement i eae otevhcesmbl
ity requirements.

24-v Electrical System. This requirement srltdt iso eiblt
and power requirements for various kits.

Angles of Approach and Departure. Thisreuemniseltdoth
vehicle's mobility.

Four-Wheel Drive. This requirement is reaeiocoscutymblt
and vehicle cost.

Maximum Curb Weight of 2700 Lb. This eirmniseltdoth
vehicle's mobility, fuel economy, transportabilitad ot

Minimum Time between Scheduled Maintenac.Ti eqieeti



Target Cost of $1900. This requirement sithrdrctioindrcl
related to all other requirements stated in the QMR

Human Engineering. This requirement is reltdt h eil' egt
controls, visual indicators, and all kits.

Inclement -Weather Kits., This requirementisrltdothmiin
reliability,

On-Vehicle Stowage. This requirement is reaeiomsinrlaiiy
Windshield Design. This requirement is relae ohmnegneig

personnel safety, inclement -weather protection,antrsptbity
Transportability. This requirement is relate ovhceatcmns

weight, and physical size.
Cross-Country Mobility. This requirementis eae oteslcino

the power-train components such as the transmissotase ae rv
line, differential, suspension system, controls, anchsi-oydig.I
addition, it is related to maintenance, mission relaiiyoegt laigcp
ability, and vehicle cost.

Cost of Spare Parts, Rebuild, and Maintenance
The cost of spare parts for a vehicle as descie n h uretQR

but without floating or swimming capabilities, is etmtdt e$0.Ti
cost is based on supplying a complete set of sparecipnnsfreeyfv
vehicles. If the floating or amphibious characteisisaencrotdth
spare parts cost will increase by approximately $4.Ti sbcueo
the added complexity of the power train and the maiepoulinsse
equipment,,

The rebuild and maintenance cost for vehicle, sdsrbdi h urn
QMR, but without the floating or swimming capalitei siae ob h
same as that of the present M151. If floating or apiiu hrceitc
a e incorpora Oted 1W,%tOth rebuild 'I f an mainOteac cost ist esimte to& anres bytef



TECHNICAL ANALYSIS OF THE EIL

POWER-TRAIN REQUIREMENTS

The power-train section discusses the basic vhcepromnerqie
ments and establishes through performance calcuainmh ag fpwr
train components that will meet the desired vehicl efrac pcfctos

To make these calculations, certain design citei a ob salse
in order to find the vehicle performance limitation o naeaeprom
ance condition. These criteria fall within the standr efrac aclto
practices and provide suffici~ent accuracy:

(a) The coefficient of rolling resistance exprse fet fteitre
pendent physical properties of ti and ground inlend qthifaioprs
sure and vehicle speed. For the erage conditiontecefceto oln
resistance is often expressed as a linear function fsedtnti aclto
a constant value of 35 lb/ton was chosen.

(b) Air resistance of a moving vehicle is a fnto fbd hppo
kijected frontal area, air density, and the velocAyofbdreaietar.I

small slow-moving vehicles are being discussed, arrssac o l rci
cal purposes can be neglected.



TABLE 2

Characteristics of the Recommended ics

QMR par no. Performance characteristic! eurmn

7. a(7) Range, miles30
Highway, % 3
Secondary roads, %4
Cross-country, % 3

Battlefield day performance (average atie/dymls7
Idling, % 4
Cross-country, % 4
Secondary roads, % 2

7. a(5) Gradeability, %
Forward slope, maximum, % 6
Side slope, maximum, % 4

7. a(8) Speeds, mph
Dry, level, hard surface

Sustained 6
Minimum2.

7.a(9) SPee d, mph
6% forward slope, dry, full payload pius oe odo

1500 lb, maintained 3
7. a(10) Horsepower-to-weight ratio, minimum, hp/onGW4
8.a(1) Payload in addition to 2 personnel, (400 1b 0

Basic vehicle weight, lb 20
Gross vehicle weight, lb (2300 + 400 +50)30

aThe characteristics were tnken from Sec IV of the QMR (App A)



Preliminary Engine Selection

A tentative engine selection was made base npeeig e nieot
put horsepower requirement calculations, Sinceteegn o isaldi h
M151 falls within these requirements, the charatrsiso hi nie(hw
in Table 6 and Fig. 1) were used for further calcltos

A final engine selection at this stage was peaue ic l h at
to make this decision were not kncwn. Meeting h nieotutpwrrqie
ments did not necessarily indicate the correctnesoih hie rnms

TABLE 4

Air Resistance0 ' t
(Ra =Air res istanice, lb b; C - Coefiintoli

resistance; A =Proj'ected frontal icl ra
ft2; V Vehicle speed, np~

( V 2 0.26 xC. xA 0

0 0 4.4250
is5 0.25 4.425 11

10 1 4.425 42
20 4 4.425170
30 9 4.42"5398
40 16 4.425708
50 25 4.425 106
60 36 4.425 193
70 49 4.425 26.8

'Changes in air density at higher itdshv

been neglected in this calculation.Stnadio-



TABL E 6I

Engine Characteristics4
(Engine =Army Port No. 87544 11;- bore =3.875 in.dimerstoe-3n.

displacement = 141.5 in.; and compressionrai 75:1

Rpm Gross power, hip Gross torque, ft-lb Ntpwr i e oqe tl

750 18.80 107.20135920
1000 22.90 120.00 1.0130
1500 38.85 135.90 3.0165

411700 44.80 138.90 3.0190
2000 51.90 136.50 4.0170
2500 61.40 130.00 5.0115
3000 68.10 119.00 5.0120
3500 71.00 105.40608914
4000 70.40 92.10602780

80

70Grs p

60Nt p

5015



sion and rearmaxle slcinhad to be made befoemthosatisfy not only the demand for power but also theneorsed

Overall Reluired Power-Train Reduction '
The overall required reduction ratios were on rmdaatknfo

engine curves of the tentatively selected engine.
In establishing transmission ratios two majrcieahdtobcns-

ered: (a) maximum speed requirements for high-errdcin n b ai
mum torque requirements for low-gear reduction

(a) Overall high-gear reduction ratio

CharacteristicVau

Maximum vehicle speed, mph 6
Tire rolling radius, in,,
Maximum available engine rpm 40

Wheel rpm = 60 X5280 X12/6X2 X15 Xw 7

High-gear ratio = 4000/67? = 5.95:1

(b) Overall low-gear reduction ratio

CharacteristicVau

Maximum motion resisting force F r, lb 10 .1=10.
Tire rolling radius, in., 1
Power-train efficiency first gear, % 7

Wheel torque, ft-lb =1701.1 x 15/12 =212

First gear ratio =wheel torque/maximu ntetruexefcec
=2126/119 X 0.79

Second gear ratio =22*.:1



It i.s teuulpatctomake h transmisso

to 1 ratio, taking all required reduction in the rear xehsrdcina
general rule should lie between the ratios of 3 to lad6t'.I bevn
this rule the rear-axle ratio was therefore establishd

Rear-axle ratio = 5.95:1

With rear-axle ratio known, the transmission ratioarlw,26/95r3.
to 1; second , 11. 6/ 5.9 5 or 1. 95 to 1; and high, 5.9559 orit,1

*~~~I ~too great aspread is chosen (going from afutohresed
transmission, for instance) optimum vehicle perforac nmd-pedrne
is decreased. Although an engine matched with aforsedtamiincul
be running at lower speeds in third gear, the same niewt4 he-pe
transmission must operate at much higher speedsinscdgertrahte
same transmission output speed.,

Not all engines that fall within the power andsperquemnsaeuid
for a match with a three-speed transmission, becasnoalegisarbut
to run constantly at high speeds.,

An internal-combustion engine characteristical eeos o oqea
engine-idle rpm, increasing to maximum engine toruitmdumegn p
and constantly decreasing torque with increasing einrp.Tefoem e
effective engine response is obtained by operatingatlwregnspdso
the low side of the power curve with power to spar& hnb asn h oe
peak running at I'igher engine 'rpm but with steadll eresn pwr

If a three-speed tr ansmission is selected itms emthe ihato
speed transfer box to obtain the desired step-up rato.Ti ol hngv
a wider speed range and smoother power flow. Aftratoog td n
comparison of commercially available componentsI a etta hsdsg
woulds21 not4 rvovidxe any antn-a in desigrn no rnsa vraneitnffu-pe



Desired Vehicle Performance Characteristics
and Tractive Force Diagram

Calculations were made for (a) three-speed rnmsinwtiigega
transfer case and (b) four-speed transmission wihsnl ertase ae
Results of these calculations are shown in Tables7t 8ad is o4

These tables and diagrams show calculated(auso eicemto e
sisting forces from 0 to 00 percent grade, which eepotdagis eil
speeds.

Superimposed on these curves are additionalcre ersnigtepr
formance for each transmission gear for differenf peso aiu rds
The desired vehicle performance is depicted by asnl eve-rw uv
connecting the desired characteristic points listeinteQR

TABLE 7

Desired Vehicle Performae

Grade, % Speed,, mph lo b RlF 0,l

60 5 1700 11 711
6 30 361 3.0408
0 60 5615.0253

aF r = Tractive effort + air resistance = totalmto eisigfre

'FABLE 8

Available Tractive Effort and Speed, First Gear,TheSpdTrsfiio
(Overall reduction =22.6: 1; poweu-train efficiency, e*x dn nie 9pret

rolling radius r = 15 in.)



TABLE 9

Available Tractive Effort and Speed, Second Gear, TreSedTasiso
(Overall reduction= 11.6: 1; power-train eff iciency, excludigegn 3pret

rcolllng radius r = 15 in.)

Not
engine Not Wheel Tatv eil

Engine torque, eng ine Wheel torque, Welefrsed
rpm ft.Ib hip rpm ft-lb lpl p
(1) (2) (3) (4) (5)b 6C() 8

750 92 11.0 65 8869.47850
1000 103 19.6 86 993 1.57576
1500 116.5 3393 129 1122278891.5
1700 119 38.5 146 1147319981.0
2000 117 44e5 172 112836990157
2500 111.5 52.6 216 107443680190
3000 102 58.3 258 98348077235
3500 91.4 60.8 302 881500752.9
4000 79 60e2 345 762500603.8

a~ol4 =Col Col1
tm~I ~reduction =11.6

bCoI 5 Col 2 x reduction x efficiency = Col 2 x 11.6 x .83 Co2x9.3
"Col 6 - Col 3 x efficiency = Col 3 =.83.

12 12d~l7 = Col 5 x- = Col 5 x 12_Col 5 x 0.8.
r 15

e~o 8- ol4 N2 x 15 x -6 Col 4 x0.0893.
eCO18014x12 x5280

TABLE 10

Available Tractive Effort and Speed, Third Gear, Th7~ pe Tasiso
(Overall reduction= 5.95:1; power-train efficiency, excludn nie 6pret

r ing r Ais r * %5i.



TABLE I1I

Tractive Effort and Speed, First Gear, Four-Speed TiasisoSlce ai
(Overall reduction =22.6:1; power-train efficiency, exclingegn 9pret

rclling radius r = 16 in.)

Not
engine Net Wheel Tatv eil

Eng ine torque, eng ine Wheel torque, Welefrsed
rpm ft-lb lhp rpm ft-lb lpl p
(1) (2) (3) (4)0 (5)b () 7 d()

750 92 1160 33.2 1643 86 3429
1000 103 1996 44.3 1840 1. 4239
1500 116.5 33.3 6694 2080 2. 6459
1700 119 38.5 7593 2125 3. 7067
2000 117 44.5 88.5 2090 3. 6279
2500 111.05 52.6 110.6 1990 4. 5298
3000 102 58.3 132.8 1823460151.8
3500 91.4 6098 155.0 1634481301.5
4000 79 60.2 177.0 141147612158

a~o ~reducti'on 22.6
bCoi 5 =Col 2 x reduction x efficiency =Col 2 x 22.6 x 0.79 =Ct2x1.6

cCol 6 = Col 3 x efficiency= Col 3 x 0.79.

dCoI 7 o 50%1 -Co 12- C = ol5xO.8.
r 15

eCo 8 =Col4 x-2x 152x28x 0 = Cot 4 x 0.0893.

TABLE 12

Tractive Effort and Speed, Second Gear, Four-Spec1 Tasisin eece ai
(Overall reduction = 14.5: 1; power train eff iciency, excluigegn 81pre,

rolling radius r =15 in.)



TABLE 13

Tractive Effort and Speed, Third Gear, FouroSpeed TasisoSlce ai
(OverallI reduction = 9.3: 1; power train eff iciency, emcuigegn 4pret

rolling radius r-= 15 in.)

Not

engine Not Wheel Tatv eil
Engine torque, engine Wheel torque, Welefrsed

rpm ft-lb lhp rpm ft-lbhplmh
(1) (2) (3) (40(5)b 6C() 8

750 92 11.0 80.6 718 1. 7. .
1000 103 19.6 107.5 805 1. 4. .
1500 11695 33.*3 161s5 910 2. 2. 4
1700 119 38e5 18390 93032474012
2000 117 44e5 215.0 91537432012
2500 111.5 52.6 269.0 87144266840
3000 102 58.3 323.0 79749067628
3500 91.4 608 376o5 7145117.236
4000L 79 6092 430.0O 61750643684

aCol 4 edCit Ci
reucion 9.3

bCoi 5 uCol 2 x reduction x efficiency =Cot 2 x 9.3 x 0.84 Co2x7.2
'Cot 6 uCot 3 x eff ic:iency =Cot 3 x 0.84.

k~ol 7 Co512 -Col 5x-12 CotI5x O.8.
rI 15

*Co 8Co 42x 15xnx 60Co4x0.83
C~oI8.Col4X 12 x5280 Cl4 0083

TABLE 14

Tractive Effort and Speed, Fourth Gear, Four-Speed TasisoSlce ai
(OveralI raet I&.A = 5-95:.1; poweretrain eff icifency excldn nie-6pret



TABLE 15

Tractive Effort and Speed, First Gear, Four-SpedTasiso
with Commercially Available Power-TrainCmoet

(Overall reduction = 24.8; = power-train efficienyeclig
engine 79 percent; rolling radius r 15i.

Not
engine Not Wheel Totv eil

Engine torque, engine Wheel torqua, Welefrsed
rpm ft-lb hip rpm ft-lbhplmp
(1) (2) (3) (40 (5)b(6C()()

750 92 11.0 30.2 1804869142.
1000 103 19.6 40.3 2015 1.811 .
1500 116.5 33.3 160.4 -2283 2.112 .
1700 119 38.5 68.5 2330304186.1
24W00 0 117 44.5 80.6 229335118579
2500 111e5 52.6 100.7 218641517789
3000 102 58.3 121.0 1999 4.619 08
3500 91.4 60e8 141.2 1790 4.313 26
4000 79 60.2 161.4 1548 4.613 44

a~l =Col 1 ColI
8Co ' =reduction -24.8

bCoi 5 = Col. 2 x reduction x efficiency = Col 2 x 24.8 x 0.79 Co2x196
'Col 6 = Col 3 x efficiency = Col 3 x 0.79.

dCol7 =Col 5 xL2 =Co15 x 12= Col 5 x 0.8.
r 15

CCo 8 =Co14 xx 152x528x 0- Col 4 x 0.0893.

TABLE 16

Tractive Effort and Speed, Second Gear, Four-pe rasiso
with Commercially Available Power-TrainCmoet

(OwerollI reduction = 15-75: 1! nower-train eff icieny xldn



TABL E 17
Tractive Effort and Speed, Third Gear, Fou4 pe rasiso

with Commercially Available Power-TanCmoet
(Overall reduction = 8.56; power-train effienyecldg

engine =84 percent; rolling radius 15i)

Not
eng ine Not Wheel Tatv eil

Engine torque, eng ine Wheel torque, Welefrsed
rpm ft-lb iip rpm ft-lb lpl p
(1) (2) (3) (4)0 (5)b(6C()(8

750 92 1160 87.7 6629245.678
1000 103 19.6 116e9 74216459.102
1500 116.5 33.3 175.5 83927961.155
1700 119 38.5 198.5 856325688172
2000 117 44.,5 233.*5 84237563.208
2500 111.5 52.6 292.0 8034.2624261
3000 102 58.3 350.5 735490 30315
3500 91.4 60.8 40990 658510524360
4000 79 6092 467.0 569§06 5. 17

"Cl =Col 1 Col1
reduction -8.56

bCol 5 = Col 2 x reduction x efficiency = Col 2 x 8.56 x 0.84 Ct2x72
"Col 6 = Col 3 x efficiency = Col 3 x 0.84.

d~l7 = Col 5xr- 12 - Col 5N12 -Cl5x08
r 15

e~ 8= ol4...2 x 15 x vx 60 -Co4x0.83
eCOI8COI4X 12 x 5280 Co4x0.83

TABLE 18

Tractive Effort and Speed, Fourth Gear, Fo4-pe rasiso
with Commercially Available Power-TranCmoet

(OverallDo reucio = .91;pwr traI fiiM y ~ld
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Engines

Domestic vs Forein In the search for an inea rm oe o
the proposed 4-ton truck several foreign-mmadeenisapartbeutd
for the application. They are high- performance insrtdwhmuhige
rpm than domestically made engines of the sametp.Ths niesme h
power and speed requirements and their initialcotmgtbleshatatf
a domestic engine.

It is felt, however, that these factors are noi eesrl h otipr
tant considerations in determining their compaibiiy osdrto utb
given to their reliability under severe off-highwavodtosfrwihte
were not designed. The maintenance problem mihrhrfrebcm aa
mount,, Difficulty of supplying or stocking partsadseiltol o nie
manufactured on the European continent would as ret polm

It seems to be out of the question to purchas nyteegnsara.I
this choice were made, then the complete power-in sebysol epr
chased as a drop-in unit. Commercial experienindctsta twudb
cheaper than to set up tooling to assemble the enietthtrsm so.

Additional factors, not of a technical naturebtpsilofqulmor
tance, need to be realized before making the finar eeto ewe oeg
and a domestic engine. One would be the effectofteglfowiofrin
countries; the other the psychological effect of hvn oeg-aeegn
or power plant installed in a US military vehicl. Fnlytepsil ifcl
ties in maintaining supply in time of war, becauseo ohoentasotdf
ficulties and possible change in the political situtoinhepdcngonry
would seem to be a preponderant consideration. Ttrfr ti etta h
selection of a domestic engine for the %/-ton utilttrcwodbeheetr
choice.,

Gvasoline vs Diesel. The chonice between ta dee n aoieegn o



diesel engine is substantially lower than that ofagsoieniethiiil
cost would be two to thr6e times greater than thtofagslnegiefcrn
parable performance capability. In addition the egn ihacmrsin
ignition system is quite difficult to start, particulryiodwahr n ol
require a large battery capacity and associatedgeraigqup ntSnc
the %/-ton truck is required to operate under variu odtosa tlt e
hicle, and the maximum required horsepower is qiesalcmae ohay
duty transport vehicles, the disadvantages of adislegnisaltonper
to outweigh the advantages.

Gas Turbine., In this study the gas turbine wscniee sarpae
ment for the present reciprocating engine. A 70-o(0h a-trieegn
would have some advantages over a reciprocatingegnsneita bu
one-fifth the number of parts. The turbine willrno aoiee ul
kerosene, diesel fuel, peanut oil, crankcase drainns'iufe.ptoemgss
and other similar materials. Under normal condiin hstp fegn a
proved long-term reliability, For tOransmissionandrvtaicoseain,
this engine has smooth flow torque to the drive shft

Howevei, for the small-vehicle applicationscaste -onuityrck
the gas-turbine engine has many disadvantages.,hnin eure ag
volume of air; the blades are quite vulnerable to(ibreds rsoadi
operating near salt water the salt ai-r corrodes tebae n nieefcec
drops rapidly after 2 to 3 hr of operation.

The gas-turbine engine is essentially a one-petihrmmcie n
fuel consumption per horsepower increases quite ail tlwrsed.I
addition the gas turbine must idle at 50 to 60 percn fiscuiigsedt
be self -sustaining.,

The turbine engine is a high-precision machn(eurn eycoetl
erances, excellent seals, and perfect balance of terttn opnns an



parts, and with it the elimination of need for wneiain h ae upi
no longer required, which effects a horsepowe svig

After having ruled out foreign manufacturrtemre farcoe
engines in the required horsepower range is lmtd h nyoet ecn
sidered is the militarized 164 cu in., 6-cylindehrznal poe hvoe
Corvair engine, which delivers a maximum ner 5h t30 p.Tedsg
of this engine incorporates a large belt-drivencoigfnlcae ntpo h
engine. Shrouding directs the airflow for proprcoigoeradaon(h
block, which makes accessibility for maintenacrifcl.Tehreoe
saved by eliminating the water pump may becadeoubcusoftemr
complicated belt-drive arrangement of the coingfn wn otehrznal
opposed piston arrangement this engine measue bui3i.wdrta h
one presently installed, which would complicat oyadcassdsg n
make installation difficult.,

The initial cost for this engine is severalhnrddlasmr hnta
of the Army Part No. 8754411. For these reaostearcoeiniei o
recommended as a power source for the 1 4 -to lt truk

Summary Through evaluation of the variu ye fegn vial h
following conclusions were reached.

Engine type. The best-suited engines forpouso(fth -o tlt
truck are liquid-,cooled gasoline engines builtbUSmnfcues

Power, speed, size. The vehicle's perfomnescicaosasttd
in the QMR determined the engine specificatiosstfrhIjh is ato
this section. Table 19 is a list of engintes (inilhbtclodr htwl
satisfactorily power the '4-ton utility truck wN macewilasutbern-
mission.

TABLE 19

Engies Cnsidredfor th-to Utiit Trc



The engine analysis in this section of the reportwaprm ilbseone-
formance, size, and weight,, The final design furnse ytemnfcue
engineering department would provide the detaileinomtnreuedo
qualify these engines,, This study would reveal thencsaycagsi h
vehicle chassis to moun~t a specific engine. A newegnwolrqueanwA
exhaust system, and the controls would have to becagdotoiid lo
commercial engines are not designed to Mil Specsadne o ecagdt
meet the Mil Spec requirements.

The cost of modifying commercially availalengesoegieac-
sories was not included in this engine cost comparsn

TABLE 20

Relative Cost of Engines Consied

Cost of Cost incrzeaoeCs
Engine make ordnance, % ordnr.%saig%

Chevy 11 87.5 1.
Ford Falcon 1088
Plymouth Valiant 117.4 1.
Jeep 100
International Scout 115.6 1.
Army Part No. 8754411 100

Transmission and Transfer Case

The present power arrangement of the M151 fesadsg eial o
many applications in the automotive field., This isalto ihegncuc
housaing, t1ransmission, and trsansfer cae in one omatuiwhotAie



two-speed transfer case. This design uses helical er o uee prto
and is synchronized between second and third gear.Tesadrdvrinpo
vides a remote control, but a manual shift and covei r vial n ed
for mounting.,

The M38A1 jeep utilizes the same power-traiarngm t.Tehe-
speed-transmission-- two -range -geared- transfer -cs aragmnti o
posed of commercial assemblies that are tooled foighpouto.I so
rugged construction and if installed in the 'A4-ton trukwudpromsts
factorily within the requirements., It has only onesycrnzdow hit
however, and the vehicle must be slowed to almost tpt hf h rnms
sion into low speed. The same applies for the low agmntetase ae
In order .,-o shift into low range, the four-wheel driemsfrtbenged
The transfer box is noisy, and two levers are reqirdtopaethlwrng
and four-wheel dri~ve., This makes a total of threelerstbehnedyte
driver, whereas the arrangement of a four-speed tasiso ol eur
only two levers-one for gear shift, the other for fou-he-rv naeet

Four-Speed with Single-Speed Transfer Case.Tefu-pdtrnms
sion in connection with a single-range geared tranfr csa rsnl n
stalled in the M151, has proved satisfactory under l rvnzodtos

From the standpoint of handling ability this ut apast aebte
features than a three-speed two-gear transfer-boxlvrarneet ti
not commercially available, however, and ifts low-vouepouto oln
with close machining tolerances and fine finishes mksti sebymr
expensive.

The Borg-Warner Gear Division has dev3lopeda sebyt elc
the present M151 and M38 transmission and transfe ae ti h rsn
T98A B-W four-speed SK45700 truck transmission ncnucinwt el
developed single-range transfer case. The transmiso otoni ih

volumA--e -2 _ prdcto ite used by sevra w-known truc mauatres h



mission- single -speed transfer box, Either of thsIsacpabei oe n
speed as well as gear reduction meet the vehiclsspciatoreuemns
The final selection was determined by evaluationoiefracrlaiiy
weight, and cost.

Even though the three -speed -transmission-w-pe-rase-o r
rangement will satisfy the vehicle's requirement ntasitn pe n
torque, it increases difficulty of operation. Thefu-p dtrnmsi-
single -speed mtrar.3fe r-box design is the more reie:fte w.Tefu
forward speeds synchronized in the top three geasalwoeaino h ei
cle with less demand on the operator. It offers lae eig ihol w
control levers protruding into the driver 's comrtmnt

Based on actual field reports, the reliabiliyothstwdegnwa
considered equal This statement, however, PCran nyt h oprsno
the present M151 and M38A1 transmissions, sinc nomto rmohrtas
mission manufacturers regarding reliability of terpout a o vial
at this time.

In Table 21 several transmissions and tranfrbxasmlewrec -
pared in weight and cost with the corresponding opnnsnwisaldi
the M151 vehicle.,

In col 7 the cost of the transmission was coprdt4t tru aig
These figures* give the cost for 1 ft-lb of torqueadtelws auteeoe
indicates the best choice.

Column 8 expresses the relation of transmiso egttotasiso
torque rating. This kind of comparison is commnyuewhndssig
engines where engine weight is related to engiinehrpo r.Itlsinhs
case how much 1 ft-lb of torque weighs. Again amnmmi eie o h
best selection. This is not always true, since anauiuIrnmsincs
or an inferior transmission design where weightsvn a trse ol e
sf MUI&' ot0 fin%4W af loe raI vaue.t af .In t caftotse, howver neithe off thes posblte
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The second choice is the Borg-Warner T9(Ctresedtrnmsini
conjunction with the Dana Model 18 transfer case.Ti obnto et h
requirements very well

The torque capacity slightly exceeds the maiu enneotttrqe
and yet the transmission weight is kept low. Theiiilcs s oe hnta
of any transmission listed above.

TABLE 22

Transmission-Transfer-Box Slcto

Estimated Estimated Torque
Tran sm is sion weight, lb cost, dollars rat ing CotoruWig'/oqeCs/eit

Borg-Warner SK4570C 200 125 220 05809 .2
Borg-Wa rner T90C

M38AI 125 115 130 08509309
Jeep, comme~rcial 125 155 1.20 12 .412
Ford truck 303 165 205 180 11 .1 .4
Scout 110 148 135 1108513
Army Part No. 7536199,

present M151 115 230 120192062

This assembly, now installed in the M38A1, ol aeteielpwr
train component if the two-speed transfer case weesnhoizds1hti
could be shifted while the vehicle was in motion.,si snw hi nti ei
able, composed of assemblies easily maintainedansevcdbunoasay
to operate as a four-speed transmission. It woul aeacepaseepwr
train component, but it is considered only as secodchie



Consideration of a different type of axle andupninsse o h
%-/4ton truck in order to achieve greater reliabiliyadrgens ilcn
sequently change axle weight, performance, andcot

The two best-known axle and suspension desgsaetedfrnilcos
drive with coil-spring suspension, as installed nointeM5,adheif
ferential axle with leaf-spring suspension. The frti xlsvl sdi
today's passenger cars and the latter finds applicaini aiu te ye
of automobiles, mainly in trucks and off -highway iclsadterfr e
mains the only alternative choice for installationinteonruk

The M38A1 incorporates this design, It is hairta h 11cn
struction but is believed more rugged and less vuleal hntedfeeta
cross drive with exposed drive shafts leading tothwels

Several truck axles commercially available olfeaatdwt io
modifications. Selection of identical components oirn n eral ol
simplify maintenance and spare-parts requiremenshs fcuspran
only to the differential portion of the assembly sinetedfeetatcmn
of the front wheels for steering purposes makescopeentchgabiy
impossible.

Some truck-axle manufacturers feature a liie-li1ifrntasa
optional design that can be added for very littlecotadwihinrse

This differential is self-controlled and capalofdptnisfucono
any ground or surface condition, thereby adding t h eil' rs-onr
riding stability and eliminating steering correctiohnsipn hes

If a truck-axle design should be preferred ovrtepeen 11dsg
it is suggested that the limited-slip differential bIncroae sasadr
part of the assembly.

It is believed that during normal highway oatinavhcewt ae
payload and coil-spring suspension does not offer uhgetrrdn ofr
than a vehicle with a leaf -spring suspension undertesm oniin.O



A weight comparison of several differentialtrcaxethtwude
suited for installation in the '4-ton truck revealedaavrgof8pect
weight increase over the present M151 design,, Stde1av rvdhwvr
that this additional weight would not affect the capblteofheviceote
extent of its falling short of the requirements lisEd nteQ

From the standpoint of cost the present M151al einwuddfntl
be more expensive; approximately 50 percent cossaigcudbahevdy
installing a limited-slip differential truck axle wihla-pinvupnin

TABLE 23

Suspension Performances under Normal DrvnConiin

Coil-springLefpin
Driving condition suspension sseso

Highway, % 30, good 3,go
Secondary roads, 7o 40, good40noasgd
Cross-country, %30, not as good 3,go

Total, %70, good 6,go

TABLE 24

Suspension Performances under BattlefedCntis

Coil-springLefsrn
Driving condition suspension sseso

idle., % 40 4
Secondary road, % 20, good20ntasgo
Cross-country, % 40, not as good 4,go



and other environmental conditions, and the suppreiono ainefrne
In order to meet these specifications, production min esarlbeimtd
since Lhese components would not normally be usedin omrilapia
tion. This substantially increases the cost of the sytm h cm eca
components, on the other hand, are in high productinadrevilbet
minimum cost. Competition and the ability to automaepouto nbe h
manufacturer to keep the prices at a minimum, and oetain orei
assured,

A good approach to reducing the cost of the eletia:yte a et
utilize as many commercial components as possiblewt.lgt oiiain
where necessary. Some of the present commercial opnnsmynwme
the military requirements.. The electi -*cal system wl edvddit uss
tems and will be analyzed to determine the effectiveeso hi prah

Comparison of 12- and 24-v Systems
OMWMM0

The first consideration given the vehicle's eleica ytmwst e
termine voltage and type., The standard military eletia ytmfrms
wheeled and tracked vehicles is the 24-v dc singlewr ytmwihangtv
ground return. Although many of the commercial copnnsaedsge oi
12-v dc system the 24-v dc system has these aer antgs

(a) Standard military electrical corrponei, r rsnl rdcdi
limited quantities.

(b) The higher voltage 24-v dc system contribue ral ocl-ete
starting as compared to the 6- or 12-v system.

(c) The size and weight of the electrical condtosireudcnieaby
(d) The size and weight of the static and dynamcpwrsueisede.
(e) Compatibility with other military vehicles olieasrdwt h

24- dc sysAMWr%4Atem.&f



Thus the number of starts available, neglectinge sse odgnrtn
capacity, and other conditions, is equal to

45/1,05 =42.8

starts for the 12-v system,
A 24-v dc system also has a 45 amp-hr capct.ncroainw H

batteries. The 24-v dc starter will draw 167 am foansuedprdof1
sec for each start. The amp-hr required for eac niesati

167 x 10/3600 =0,464 aph

Thus the number of engine starts available, nelecigsse odgnrtn
capacity, and other conditions, is equal to

45/0.464 =97

starts for the 24-v system.
The percentage increase in the number ofeniesatisqulo

97 x 100/42.8 = 226%1

Thus it follows that the reliability of the entireveilisncaedbthue
of the 24-v dc system.

Static Power Source

The static power source for the '/,-ton truckcnit fto1- atre
cornnectedh in series o rodc vAaa tot of%' 24? vA Aotdra ee aeo h



which will meet the blackout operating condition.Threpcieatvin
units for these gages, with the exception of the batrIeeao-odto
gage, which does not require one, are fairly low-cs ntbtte eur
frequent replacement in the field with loss of instuettindrnterpi
period,,

A study was made to determine methods ofinrangelbltytmn-
mum cost. Two methods of improving reliabilityaedsuedhr.Ec
represents an increase in initial cost over the prsnsytm

One method of improving reliability is to prvdgaethtrem e
accurate, rugged, easily readable, and provided wt usatal oerla
ble activating units., There are commercially avalbeisrmetrsnl
specified on several military vehicles. The scalei xaddo hs ae
to 300 OF, compared to 60 deg on the present Ordnneggs heiiilcs
is about six times that of the currently specified ags

A method of improving reliability at a loweriiilcs(st rvd
dual arrangement of gages and a warning light.Thdrv'sa resso
malfunctions could be substantially increased by3s fasnl ann ih
that would flash Intermittently until the malfunctinwscrete.Alo n
combination of the engine malfunctions could be mntrd uha o i
pressure, high water temperature, low fuel leveladgnrtr"f.

To arrive at the lowest cost for instrumentionniiulwriglgt
could be substituted for all gages except the fuel-lvlgg.Ti ehdi
similar to that practiced in the automotive trade.'ti et owvr htti
instrumentation would not be suitable for use in mltr eilssneifra
tive readings are not presented.,

After considering all the factors involved, icuigtelgsiso upy
it is recommended that the present military instrmnainsstma sdo
the M151 vehicle be retained. A study of severalvhceintu nedwh



Fuel Pump
The M151 incorporates an electrically dive ulpm n itrasm

bly that is mounted in the fuel cell. This methdivle nrae ot n
complicated servicing.,

An externally mounted electrically drivefulpm anani-neul
filter that would improve maintainability andreuecssw ecoided
However, to arrive at the maximum cost savinsi srcm eddta h
electrically driven fuel pump and associaedoiprsuewtcbeeiey
eliminated in favor of an engine-driven diaphrgtup fteeetial
driven fuel pump were eliminated then the fuetakcudlsbeim ifd
with a reduction in costs, It is realized thatthposblyofvoroccud
increase with the elimination of the electricfulpmbtcransesane
taken to help alleviate this possibility: (a) rotiulsupylns wyfo
heat-producing components such as the extiausiaiod r()weetefe
supply line may be in proximity to heat-producn opnns prpit
shielding such as baffle plates or insulation ontefe(upy iecnb sd

A low-cost in-mline fuel filter that can be ilyrpae srcm ne
to increase the reliability of the fuel systemantogrdgisthenrnc
of water and contaminants into the fuel system

Ignition System

An internal-combustion engine requires igionste tofrthex
plosive gas mixture at the proper time. Foramitryvhcetisytm
should be resistant to shock, vibration, fungusanmotueadshld et
the radio -noise -interference specification aindterqimnsofabn-
temperature conditions.

A military ignition system consists of aniitrhaicldsheitib
utor and coil enclosed in a waterproof case. sheddadwtepofinto



service and replacement standpoint the commerckIalsileCyse nosa
ever greater cost advantage., However, for purposeso hssuyi srcm
mended that the military ignition system be retained

Lighting System

The lighting system is composed of three systes evc ihig
blackout lighting, and instrument lighting., The sericlihngnorrae
two service headlights, two service taillights (incluigtera unlgt)
and two front turn lights. The military serviceheditsaecmley
waterproof and shock-mounted to reduce premature alr fteflmnsi
the sealed-beam units., The commercial units are dsge o 2vd n r
neither shock-mounted nor waterproofed at the electia onco.I src
ommended that the shock-mounted units be retained eas ftefaiiyo
the 24-v dc filaments in the sealed-beam units. Reaigtewerofr-
quirements to splashproof would still provide a funionluibttecs
savings would not be appreciahle since the 24-v dc intarnoexesvl
used commercially.

The service taillights are designed to include tebaku alihs
therefore a commercial counterpart is not availablet nlz.Temltr
taillight is waterproof and resistant to fungus and croin

The blackout lighting includes the blackout diviglmtofotbak
out marker clearance lamps, one blackout stop lamprn h erbaku
marker lamps incorporated in the service tall lamp.Sne oeo heelgt
has a cummercial counterpart, a direct comparisonocot sntaalbe
The military blackout lighting units are waterproof n eitn ofnu n
corrosion. Several sources are presently available nuigth oetcs
for the lamps as they are now designed. A more extniecs n nier
ing analysis should be made to determine if a redesgwolreuectsub
statally. At prsn ths unt are use on mos miitr veice an are -FOR OFFICIAL USE ONLY



With 15 amp allocated to battery rechargintecniuu:eadla
is 46.53 amp and the intermittent demand load i 6.0ap h ags e
mand load is that required to operate the commictoeqimn.M y
types of radio equipment are a-T"ailable for useonte'tntucadiiv-
ual sets or combinations of sets are used as reire.Tepwrrqieet
vary widely between different radio sets, and to riea rcia au o
use in the power analysis a study was made of terdost ceue o s
on the 1/4-ton truck.

TABLE 25

Electrical Power Analysi

DsrpinCurrent requirement lanuopratoiamDescription per unit, amp Q a tt __________ _ _ _ _ _ _ _ _ _ _

Lights
Head, service 2.84/2.14 2 57
Head, blackout 0.59 1 f.

Timn, service 0.92 2 18
Marker 0.19 2 i.23

Stop, service 1.15 2
Tail, service 0.23 206
Tail, blackout 0.19 2 n
Panel 0.17 2 03

Indicators
Pressure 0.01 1 00
Temperature 0.01 1 00
Fuel 0.01 1 00
Battery -gemnerat or 0.01 1 00
Hi-beam, 0.13 1 01



A desirable battery recharging rate as show ntepwr nlss(al
25) is 15 amp, which would recharge the batteriefrm 0prcncaciyt
100 percent capacity as follows:

50 percent capacity of 45 amp-hr batteyi,2.0aph
Recharging rate is 15 amp-hr
Total vehicle running time (above idle)t ecag

batteries is 22,,50/ 15 = 1.5 hr

TABLE 26

Single Radio Installation and Power Requiremetio 4tnTuk

Approximate powerAprxmepwr
Code Radio set required, amp Code Raiserquedam

1 VSC-1 85 TWX 22 VC1
2 VRC-46 85 TWX 23 VC1
3 VSC-2 52 TWX 24 VC4
4 VRC-55 34 Retransmission 25VR44
5 VRC-38 34 Retransmission 26 VC1 .
6 GRC-19 18 27 VC4 .
7 VRC-35 17 Retransmission 28 VC1
8 VRC-54 17 Retransmission 29 VC8
9 GRC-106 13 30 GC8

10 VRC-24 11 31VR63
11 VRC-49 10 Retransmission 32 PC1
12 VRQ-1 8 33PR93
13 VRQ-2 8 Retransmission 34PC83
14 VRQ-3 8 Retransmission 35VC43
15 GRC-3 6 36VR93
16 GRC-5 6 37VC83
17 GRC-7 6 38 VC725Rtasiso
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for use on '/,-ton trucks are satisfied, These wil edsusdltr h s
of the 60-amp generating source assures that the atr ehrigrqie
ments and future capacity for the use of kits. will emt

The complete list of all the multiple radiointlaosishwnn
Table 27, and the average current requirementsarplteinFg.7nd8
using a number code to identify the sets. The exitn enrtn cpct
without the use of the 100-amp alternator kit is ntsfiin ome l oe
requirements. However, the 60-amp proposed alrntrdehaehecp-
ity to meet all the requirements including the witrzioktashwnn
Fig. 8.

The radio-teletype sets ANVSC-1, ANVRC-2,adGC4 l eur
85 amp, which is the maximum power consumptio faltest osdrd
and the duty cycle could reach 100 percent. Howeesnetedniyois
age is very low, these sets should be treated asexptoswhnueftee
sets is dictated, a portable power supply in additotohev ic'swng-
erating system should be used. In the event a poraloe upyi o
available, additional power could be obtained by saigoevhcet nte
so that the generating systems of both vehicles cudb tlzd

The next set considered was the radio-teletp NSS2 wihas a
low-density use. The power requirement is 52amndtiduycle ayls
reach 100 percent. A 60-amp alternator on theveilwodsupyufcen
power to operate the set but with little battery-chrigcaaiiy

The last set to be considered that requiresansutnilam nto
power is the ANGRC - 19. With a ratio of 5 receptost rnmsin h
power requirement averages 18 amp. A 60-amp ltraoism ethnuf
ficient to supply the requirements for operation o h ai qimn n
other system loads.,

All the other radio sets used in the 14-ton trc1eur espwrta
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will also meet the military requirements for sok irtoadrdoitr
ference suppression.

A 60-amp alternator Army Part No. 109288cnomngt(I--69
(MO) has been recently approved for military s.Ti lerao a h
rectifiers and regulators self-contained, Sincr h nuac tsshv ni
cated that these units will have long life, it is iciaehtn aneac
will be incurred other than replacement of the opeeui.Rpi ffie
units presumably would be subcontracted whenasfiin(ubrhsbe
accumulated. From the power analysis discuseinteeetia etoi
follows that the 60-amp alternator will supply h oe euieet fbt
the vehicle system load and the radio communiaineupetecp h
previously discussed radio-teletype sets AMVC1 NR-9 n R-6
which have very low density. The new 60-ampatrao otnoeiiily
but since the 100-amp alternator kit will notberqidonaltevhcs
the cost savings will be significant. For exam, asm hton eil u
of five will be furnished with the 100-amp alterao i o h rsn 11
The costs shown in the accompanying tabulatio r loeapoimtoso
the actual cost.

Generating system componentsCotfr10vhce

Present M151
25-amp generator$587X10=$5,0
Voltage regulator204x10= 2,0
100-amp alternator kit furnished

on 20% density4400X2= 8,0
Total for 100 vehicles$170



If an alternative engine is selected, the starternralpcfe o
this engine could be modified with an estimated cosc aigo 1 scmae
to the cost of the military starter.

It is r'.commended that the present militarystrebeeaidbumo-
fied to splashproof Uf the deep-fording kit is not reirepoie h rsn
engine will be specified.

Communication

The present M151 'A4-ton truck can mount the cretrdocmuia
tion equipment, but the truck's generating capacity sIsfiiett rvd
power for many of these radio sets., In order to satsyteepwrrqie
ments a 100-amp alternator kit must be pro-tided,,

A 60-amp alternator was discussed previously n ti eomne
that the 60-amp alternator be incorporated in all '-o rcstu rvdn
these vehicles with the generating capacity necessaytEaif h oe e
quirements of most of the current radio sets withou h s fauiir is

VEHIC LE BODY

Introduction

Considerable effort has been made to develop eil oisolocro
sive materials. Plastics have been used with somescesnheavnae
of these plastics are lower initial cost of tooling, getrfeiiiyi ein
and excellent resistance to corrosion. The disadvatgso hsepatc r
higher material and production costs, rapid changeomarilpyclpo-
erties with temperature changes (e,,g., brittleness i odwahr o esl

strength in war wethr) difcut of atacin mea brckt or components



sembly requires a great many attachment poinsfrhaycmoetsuhs
engine, transmission, and suspension systeminaitotohem ysalr
components.,

The cost of the raw material is quite highl n h oto ao n ae
rial to properly attach metal brackets or compnnst h Rylt oyi
considerably higher than the cost to attach theitest h te oy

It is therefore recommended that Royalitemtra o ecniee o
use in the vehicle body until the present state o h r o hsmtra a
advanced sufficiently through experimentation nrucsflapiaino
smaller and less complex components.

Light-gage aluminum has been used primiltosvwegtadrit
corrosion. Sheet aluminum alloys recently devlpdiuha te50 eis
contain magnesium, which is weldable and reisscroinnsatpayr
water,, The tensile strength of this material:i'oe hntato te;tee
fore a heavier gage must be used to obtain streghcrrsodn t hto
steel. Sheet aluminum can be handled easilyduigfbcaonutstorem
welding by a metallic inert-gas or tungsten int-gspoesi uhmr
difficult. Acceptable fabrication of aluminum rqie uhmr ii ult
control than fabrication for steel., Thereforeitsreomndthtilsel
be continued for use in fabricating the body of h -o tllytuk h
present M38A1 or M151 steel body has not enconee eiu eeirto
due to corrosion. The costs of these steel bodehaebnrasalad
some additional cost savings can be realized b euigtenme fso
welds and by a redesign of some of the morecopeshe.

Control System
Te coto syte fr2h M5 is 0-d sine topoidmoh2oto



The instrument panel is located in the center ftedsbadin h
operator is required to glance to the right to observ h ntuet.I ol
be desirable to locate the instrument panel directlyi.h'prao' ieo
vision. However, since the steering wheel and postasmliol nefr
wit~i his view of the instruments, it is recommendeththeisrmnpal
be retained in Its present position.,

The choke and hand-throttle controls are locatdcneinl nteds
and are simple in design. The throttle control coul eeiiaed u o od
weather operation and for extended periods of radiooeain h adtrtl
is required to keep the engine operating above idle ped

The brake master cylinder is positioned conveinl o eriigadi
of conventional automotive design. The brake linesaemd fatmtv
type III steel and covered with conduit Army PartNo17C8354expta
connection points., It is felt that stainless-steel tubnLol ev hsfnto
in a safer and more reliable manner and costs woul ecmaal.Hwvr
because of the absence of any known failures of thexitnbrklnits
recommended that these brake lines be retained.

The parking brake control is located convenienl ertesitcnrl
thus assuring that the control movements are interead.Tetnsiio
is designed to incorporate the parking brake drum nte f ndo hetas
mission output shaft, thus providing an effective shotculdbaearne
ment. No special maintenance is required other thnm orajsetsfte
brake band.

The steering of the M151 vehicle is accomplisesipyadcomcly
through use' of a worm and double roller in the steeigeaasmbyndwt
conventional parallelogram - type linkage,, Convenionlatmtv tp i o
ends are used, which require greasing periodically.Terded r en
developed that incorporate Teflon (tetrafluoroethylee ie net.Tepo

pose Telo rod en is muh spe in deig an eursnolbiain



to improve mobility,, They have determined thruhtssta iehvn
large footprint arnd air pressure of approximatlg bwudngtaems
muddy or swampy terrain. Some of these tireshv 2,1- nivn2-n
cross-sectional diameter., These large tiresenloshrobctsuha
rocks and are surprisingly resistant to punctur.Icroaigteetrsi
a '4-ton utility truck would substantially add rssac osern n ec
require power steering. This would increase tecs ftevhcentol
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protective finish or coating applied on external surfaces. The manufacturer

who has been supplying these mufflers to the military also manufactures a sim-

ilar muffler fabricated from aluminized steel for use on a commercial version

of the %-ton truck. It is both the manufacturer's and the authors' opinion, based

on a vast backlog of laboratory and field tests and reliability experience In user

o~ration, that an aluminized steel muffler has a life-expectancy increase of

75 percent for a cost increase of 15 percent over that of a muffler manufactured
of commercial-quality cold-rolled steel with no protective coating applied. A

62 RAC-T-440
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new stainless-steel muffler, which has been deveodbysvrlmnfcurs
will show a life increase olf 200 percent at a cost nraeo 0pretoe
commercial unprotected steel muffler.

The present Mil Specs that control the manutuigqatyothmfle
account for an icreased unit cost over sinlilar prsue ncm eca ei
cles of this type., One item in the specifications i h ae ekro et
This, of necessity, requires arc welding and/or cniuu emwligi
lieu of spot welding or mechanically assemblingcopntpas.Cm eil
practice specifies an air test of 6 lb/ sq in. internlpesr iha loal
leakage rate of 3 cu ft/mmn.

The present flanged connections of the exhasantilperthrhn
the slip-type overlap fit with U-bolt-type clampiguecomralyiness
costs considerably. Any attachment of an extensinpp nerlt h ufe
assembly naturally increases the cost of the muflrItimuhescoly
however, to eliminate the pipe extension from themflrasml]n d
this length onto the exhaust or tail pipe.

Included in the specifications for many itemsi h oe "utb au
factured exactly to print." This restricts compettv idn ic l ao
manufacturers 'hiave methods of fabricating partsproaigtbs rwn
heads, punching 'baffles, attaching parts, etc., whihvr nmn asbta
complish the same end. Manufacturers of comrcilvhce aeacsoe
to approve several sources with several fabricatndeinoinsprvedf
course, they meet established standards. This alw ufe rohrcm
ponent manufacturer to submit his best cost usinghsonmtosadeupet

FORDING AND SWIMMING CAPABILITIES OF



nuts, (g) carburetor with special float chamber vniainpoiin,()wtr
proof rather than splashproof starter, (i) waterpro ahrta pahro
generator regulator for deep fording, (j) special ai-upesdadwtr
proof ignitor, (k) special high -temperature -resisatudrae et n
gaskets,, (1) waterproof cabling and connectors thogotvhceii)vtr
proof instruments and indicator lights, and (n) wtrro ahrta pah
proof activating units and switches.

A user survey was made to evaluate this rireet twsdtrie
that the frequency with which these vehicles wersujcetodp-arfr-
ing was nil. Most vehicle commanders found dee-aeiodngipatcl
and other means were devised to accomplish thismsin nadto hr
was a strong proba'.ility that the vehicle wouldbeim ilzdoenrngr
climbing out of rivers. In order to negotiate rivrbnsteeehcswol
require a winch to permit the vehicle to extricatisefwhcwolfuhr
increase the cost of the vehicle and add vehicle wih.I ol hnb oia
to eliminate the deep-water fording requirementteeysvnrh oto
the kit and cost and increase of maintainability o h ai eils

An itemized cost list of the special adaptersadohrpoiin htms
be included on all vehicles to permit use of this itflos

Provision required by kitcotdlar

Provide a hole in hood for air-intake tube; requires seea
press operations 07

Provide a special tail pipe with flange to adapt to exhasbue28
Provide a welded muffler and special clamps to achiev ae

tightness 24
Provide a special fuel-tank cap so air vent may be closddrn

fording 01
Provide a special fording control valve, which is mounedo

the intake mnifold with+ all theven lines cornnectd t it1.9



Swimming Capabilities

A study was made to determine the feasibty ficroaigsimn
capabilities in the %/-ton utility truck with a watrsed4pt, mh ic
this vehicle is very dense for its size a prelimnar uynyadti td
was made to determine if the vehicle having itspentomdiedcngua
tion would have satisfactory trim and stabilitychrteiis.twaasu d
that the modifications required to make the vehleodorhlwudadap
proximately 10 percent to the venicle weight.,hswih a eel itiue
about the present vehicle center of gravity. Thanlssidctdhttevh-
cle's static waterline was not ideal but could be cetbei l te eil
characteristics remained satisfactory.

The calculations were based on enclosing teegn oprmn swl
as the driver's and cargo compartments. Thi ol eaetecagn n t
accessories dry, and the cooling air would enteradlaeth oprmn
through grill openings at the top. The vehicle wudb ut tbe n t
maximum list would be limited to the height ofthfreod.Tifebad
is assumed to be 103/4 in.

A total of three trim and stability studieswamdeechsuyavna
different vehicle concept configuration. The firtsuycnieduigth
present M151 without relocating any major compnnsrh eodsuycn
sidered moving the engine, transmission, and cingsse sfrata
possible without modifying the present driver's a.Ti ocplol m
prove the location of the center of gravity. Thetidsuycndrdacoep
that would place the driver 's cab completely forwad n h ngn oprmn
as far aft as possible, and leave the remrainingcetrptinothvhclfr
cargo. This concept would be most favorable foI ee rmwe h eil
was empty or loaded. All three concepts affect rsnl eindcmoet
in varying degrrees-. The- last concpt affPects copnnneinmotdatcly



Sta0. 0 -. ~~~u.......

w
FI

Base line_0___

Fig. 11-Trim Nomenclature for Floating and Ampiiu ocp .o eil

W = weight of vehicle
M = metacenter

CB center of buoyancy
CG =center of gravity
BM distance from M to CB
GM &i stance from M to CG
GB di stance from CB to CG

S horizontal distance from BtoC

BM moment of i nerti a of waterpae nf
BM1 voum in c I ft (Ipaeet



Trim Calculations for Vehicle without Relocaino ao~moet

(Method of water propulsion: wel ny
(3341-lb gross vehicle weight, 90bcro

Draft =1.65 ft above base line 0
LCG =5.70 ft aft of station 0
LOB =6.O6ft aft of station 0
VOG =0.86 ft above base line 0
VOB =0.86 ft above base line 0

Trim lever(s) =0.36 ft
Trim moment =334.1 lb x 0.36 ft =10 bf

Length WP =10.8 ft

12 1

BM 535

GB =-0.185 ft
GM =BM -GB =98 015 =965f

MT WX GM=24lbf
length WP, ft, x 12

TTMT24=4.in

Trim at each end =TT =48=24n
22



Trim Calculations for Vehicle without Relocatio fMjrCmoet

(Method of water propulsion: whel)ny
(2441-lb curb weight)

Draft =1.25 ft above base line 0
LCG =4.56 ft aft of station 0
LCB =5.93 ft aft of station 0
VCG =0.815 ft above base line 0

Trim lever(s) =1.37 ft
Trim moment =2441 lb x 1.37 ft =35 bf

Length WP =10.8 ft
bd3  =5x1.~ =55t

12 1
BMI 525

GB = +0.165 ft
GM =BM +GB =1.+.6 295f

MT =X WGM =25x1.6 4 bf
length WP, ft ,x 12108x2

TT ~ x SW =13x25 44 nTTT245

Trim at each end =TT =1.6=72 n
22
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Trim Calculations for Vehicle with FloatnCabiteswh
Relocation of Major Compoet

(Method of water propulsion: wel ny
(3457-lb gross vehicle weight, EQ-bcro

Draft =1.54 ft above base line 0
LOG =5.77 ft aft of station 0
LOB =5.44 ft aft of station 0

VCG .857ft aove ase ine

VCG 0.837 ft above base line 0
Trim lever(s) = 0353 ft
Trim moment =3457 lb x 0.353 ft =12 bf

Length WP =10.8 ft

152

BM T- 5.5=95f

GB = O +002 ft
GM =BM +GB95+02

MT =Wx GM-347x95=23lbf
length WP, ft $x 12108X2

TT= S SxW .5x ~ =48
MTT253

Trim at each end 2 .- 48=24n



Trim Calculations for Vehicle with Flotn aaiiiswt
Relocation of Major Comoet

(Method of water propulsion:weltny
(2557-lb curb weigt

Draft =1.17 ftabove baseiMeO0
LCG =4.85 ft aft of station 0
LCB -5.37 ft aft of station 0
VCG -0.683 ft above base line 0
VCB =0.643 ft above base line 0

Trim lever(s) = 0625 ft
Trim moent =2557 lb x 0.625 10 bf

LentW 10.8 ft

12 1

BMin 409

GB =-0.04 ft
GM= BM-G - 105GB0 0.3f

MT Wx GM,=25x 05
length WPs ft, x 12 1.x2 01

TT- 8 x 62W 25
MT -77n

TT 7?
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Trim Calculations of AmphibiosVeil

(Method of water propulsion: propele rhyrjt
(3574-lb gross vehicle weight,90-bcro

Draft =1.42 ft above base line 0i
LOG =6.70 ft aft of station 0
LOB =6.71 ft aft of station 0
VOG =0.857 ft above base line 0
VCB =oo 0.857 ft above base line 0

Trim lever(s) = 0.58 ft
Trim moment =3574 lb x 0.458 ft =19 bf

Length WP =11,62ft

bd3 5x12 = 85t

112

BM =-==102f

GB=O
GM =BM* GB=102f

MT =WX GM-354102 = 71/f
length WP, ftx 12 1.x1

TT= SxW-045x376.inMT27



Trim Calculations for Amphibiukeil

(Method of water propulsion: propele rhyrjt
(2674-lb curb weight

Draft =1.20 ft above base line 0
LOG =6.98 ft aft of station 0
LOB =6.o68 ft aft of station 0
VOG =0.683 ft above base line 0
VOB = 0.83 ft above base line 0

Trim lever(s) =0.9585 ft
Trim moment =2674 lb x 0.,585 ft =16 bf

Length WP =11.0Oft

BM 42.

GB=0
GM =BM*+GB =1.f

MT *.Wx GM264x1.=28lbfMTlength WP, ft, x12 1.x1

TT= SW = W.8x27 . n
MTT287

Trim at each end =TT55=275n20
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the vehicle weight, and result in additional maineac.Asityehlwod
reduce the vehicle's angle of approach or departr n eueln oiiy
Vehicles having swimming capability must have ufcetwtrsedadtrs
to enable the driver to control the vehicle., The iiu pe scniee
to be 4 to 5 mph for this requirement, since mos, ieshv cret fti
velocity.

Should the swimming capability be requirefoth'Aonuityrck
it is recommended that this be accomplished uneasprteeercad
development program that would include modelteinofvrusccpsad
construction of a number of prototypes for evalain

Based on the considerations above, an accetbe(-o tukwt wm
ming capabilities would cost approximately 20to3pecnmrehate
present M 151Is

Trim and stability calculations for the thre eil-ocetcniua
tions considered are shown on pages 66 to 76Iiue1 lutae h
noienclature used in the calculations., The trimadsbitycluton
along with the charted buoyancy values, which wr ae tteidctdwtr
lines, are shown in loaded (gross) and empty (cub(eil-egtcniin
(Tables 28 to 33) immediately preceding their rsetv eil-ocp
illustrations .

The loaded and empty vehicle trim line showno hvocp lutain r
for a static vehicle. Dynamically the trim lines wudcag osdrby h
Vehicle Without Relocation of Major Componentscnet1(i.1) ol n
doubtably tend to I"nose under" when underway. Th'eil ihFotn aaii
ties, concept 2 (Fig. 13), would also have a tendenytins ne"we newy
however not to the extent that vehicle concept 1'Fg 2 ol. h mhboa
Vehicle, concept 3 (Fig.9 14), would probably maininasih'oe-pdymc
trim connditin. Figure 15 shows the amphibious ocp fatnvhce



RELIABILITY AND MAINTAINBLT

SUMMARY

Problem

To review the impact of reliability on the oeainlrqieet n
cost effectiveness of a proposed Qualitative Matere eurmn o e
'h4-ton utility truck.

Facts

The "Proposed Qualitative Materiel Requirmnbo rcUiiy 4
Torn (CDOG Par 1636e)" was written in compliancrihA 0-,ApI Fr
mat for Submitting Qualitative Materiel Requiremns(CCCR-4.

The analysis and evaluation was based on theeitn eeso eiblt
and maintainability of the vehicle and on the reseac eut fRCRsac
Project 124, "Criteria for Limits of ReliabilityanMitiabiyfogerc
classes of Army equipment.

Appropriate ARs were examined to determin h betv fteQR
The reomedtin of th0 0Is eo0 ar esAblse to supor ths betvs



2. Analysis and evaluation of maintenance dat odtriecma-iso
reliability are of doubtful value because maintenac sntdrctyrltbet
the reliability the equipment is capable of providigncobt

3. RAC has determined that AR 705-5 does ntrqieteQRt oti
a specification of reliability, as a probability, unlsitsprccatods.

4. RAC has determined that it is not practica4 oseiyrlaiiya
a probability in the QMR even if it could be determie.Teseiiaino
reliability would impose a predetermined, detailehrwr cneto h
QMR that would curtail imaginative and creative dvlpeto aeilt
the maximum extent practical within the state of teat

5. The level of reliability should be indicate nteQRbytedtie
specification of tactical operational parameters,ie.atyclsuandbtl-
field operational capability, or an average life witnomlsringeqr-
ments in hours or miles., These characterisficsaroulndiAR755

Recommendations

1. RAC recommends that the Army riot speifyrlaiiya rbblt
in the QMR., The proper specification of the par4ameesrqie yA 0-
w ill satisfactorily indicate the level of reliability eurdt acmls h
QMR objective., The proposed QMR for the "/4 -tonuiiytuk(hudb e
written to provide a clearer description of the taciareuemnsoth
vehicle., The typical combat mission should be expne oicuerfrne
to all the operational, environmental, and tacticalfcostawilfetth
usefulness of the vehicle so that these factors can eicue ntedsg
characteristics and become a part of the trade-ofcosdrtn.Thavag
life expectancy, with normal servicing (as specifidnthoprinaadmi-
tenance manual) of components, assemblies, and ssessol eicue
in the QMR whenever technically realistic values atedrvdta ilcn



will define reliability and analyze and evaluate tesgiiac ftepooe

reliability specifications for the QMR.

Reliability Definition

Reliability is the probability that an equipmetie il efr t
purpose adequately for the period of time intende ne h peaigcni
tions encountered, It should be observed that thedfnto trse oree
ments, viz., probability, adequate performance,tieanoprigcndins

Probability, the f irst element of the reliabilt eiiin saqatttv
term because it is expressed in a numeric formieafrcino apretg
that signifies the number of times an event canbexpcdtocuriattl
number of trials.

Adequate performance, the second elementindctsta rtrams
be established that clearly specify, describe, or inwhticosdrdo
be satisfactory operation for mission success.

The third element of the reliability definitiotmi:n ftemr
important because it represents a measure of thV eiddrn hc eti
degree of performance can be expected., Withot koldeo h rbblt
that an equipment item will function or survivefoagietmthrisn
way of assessing the probability of completing a msino akshdldt
last for a given period.

The operating conditions under which an equpetie4i xetdt
function is the fourth element of the reliability deiiin4h atr s
tablishing these conditions encompass more than h rdtoa niomna
factors of temperature, humidity, shock, and vibrto.Teoeaigcni
tions are determined by the capability of operatigadmntacepro el
operating and maintenance procedures, operationlsiaiiycmitiaiiy
and auxiliary and supporting equipment, as wellasoetinlnvrmn.

The 2 reiailt exrse for an2 eqipen item is geneall acepe as V0



The equation can be expressed as

RMD me -MD/MTBF 1

where RM probability of survival or reliablt o eti iso
duration

e = base of natural logarithms
MD = mission duration

MTBF = mean time between failure

The mission duration MD is specified as 5 ie;tereibltms9
percent. These values are substituted in Eq 1.

0,95 te -450/MTBF(2

and the equation is solved for MTBF.

MTBF = -450/In 0.95 = 875mie(3

This indicates that the vehicle must be cablofngttignavre
of 8750 miles without encountering a failure thtwudimblztevhce
and abort the mission. An analysis of operationldt'a eeldta h
M151 has seven systems that constitute a reliabiiypolm(ee oTbe1)

The product rule of reliability is applicabl hnanme fcmo
nents of a system are connected so the failure fayoecmoetcue
a failure of the equipment; these components ar4 hncosdrdtob4uc
tionally in series. In terms of survival this menrhtec cmoetms
survive if the equipment is to survive. The eqipmn a en etrta
the1 comp. . oet wit the lowes prbailt of suvia or- reibiiy When these '1 --.



The average reliability of each of these comoetssesms e9.
percent This will indicate a required mean tim bew nfalrfoechs-
tem, using Eq 1, of

NITBF M - 450/in 0,993 = 62,00mle17

The mean time between failure for each system utte e 200mls
The power-plant system contains two comnens h nieadtetas

mission. The average mean time between failuri o ahcmoetcnas
be computed using the product rule, Eq 5

R4502 M T,99 3(8

The average reliability of each of these compoensm tbe9.3prn.
This will indicate a required mean time betweenilrfoeahstmu-
ing Eq 1, of

MTBF = -450/in 0.9963 = 123,00 ie 9

The mean time between failure for both the engieadtetanmsinms
be 123,000 miles.

Because of the reliability characteristic deibe ytepoutrlh
components experiencing a iow mean life mustbedtridantchogcly
improved if the reliability of the system is to bImrv.Tosttehi
significance of the product rule, if one of the sen stm isrsrcedoa
mean life of 25,000 miles the average mean lifeothrmangsisyes
must increase to approximately 78,000 miles.Iftofthsensyem ar
restricted to a mean life of 25,000 miles, the aveaema ieo h ean
ing five systems must increase to approximatel 5,00mls

90 Percent Probability
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arates the mission reliability and 90 percent proaitysefcton Th
conditions that constitute satisfactory operation aeas eea reso
magnitude higher for this specification than forth45mie ison

The significance of the proposed QMR is sumrzdiTal34

TABLE 34

Reliability Specifications for the Proposed QMR o / mo tlt rc

Specified Specified R4qie alr-relf
reliability time ir,,erval (mean tm ewe alr) ie
(probab iIi ty (mission

of survival), % duration), miles Mode A0  Ad.bMo.C

95 450 < 8,750 870>870

90 1500<14242000

90 15,9012000 > 142,000, >1200

butbu
<237000<23,00

aScheduled organizational mai'ntenance only,
bNo immobilizing failures.
cNo major overhaul or replacement of a major component.

ANALYSIS OF MAINTENANCE DATA

Introduction
The performance of equipment for other thlabrtr odtoscno

be. spcifiepd conmnpetely in absolute- terms, beausv fteiiaini rsn



Failure Prediction

The maintenance history'of the sample waanlzdndelutdod-
termirie the relative level of reliability that wasidcte-yterelcmn
of components that would immobilize or otherwieicpctttevhce h
replacement of these components was assumed ob niaiv ffiueo
pending failure.

ERRAT

For: Table 35, p 84.
Replace with new table:

TABLE3

Component Repl acements niaieo alr o
IA15 1 /4-torlUiit rc

(Sample size, 100 vehicles;aeaeae 700mls

Component Qott

Power plant
Engine124
Transmission *3

Power train 8
Clutch *4

Differential5
)on Wheel bearing 2=M Propeller shaft2

0 Universal joint6

Cooling system 6



replacements were fairly evenly spread among tesses oeesxo
the components accounted for 223 of the 360 replcmnseprecdb h
sample during the history interval These sixcmpntsaeinifdbyn
asterisk in Table 35. It can be concluded that tesxcmoet htcn
tribute significantly to the unreliability of the vicl hudb mrvdih
reliability of the vehicle i#3 to be increased.

Mis siort- Reliability Prediction

Mission reliability is defined as the probablt;htteeupetwl
give specified performance for the duration of amsinwe sdI h
manner and for the purpose intended, provided teeupeti ucinn
properly at the start of the mission.

The estimate of the mission reliability ofthMiiIbaeonhem n
time between replacement of the components of h ytmrte hntema
time between replacement of individual componet.Tema tm ewe e
placement of the individual components is not asinictnubrfrhe1
less frequently replaced individual components adol eoe infcn
when these components are treated as part of thovrlsytm

The distribution of the time between replacmn xprecdbytesm
ple vehicles is shown in Fig. 16. The cumulativerpaeetdsrbto a

99 ,1111 III1 1

95.
90
80

z6 Mean 33 ie
640

U 4

.jj



The average reliability of these sample vehicles fra40ml iso ne
the environmental conditions encountered by theSentAryi86pcn.

Mission - Reliability Degradation

The reliability of 86 percent is a statisticalavrgoerteptinf
the expected life the vehicles have consumed to daecstevhil er u
it becomes less reliable, The data for the M151weealydbyitrlso
determine the characteristics of this degradation.Temsin-eiblt
degradation as a function of vehicle age is showninFg17Thpotnso
the curves that were computed are shown as solid ieadteetm ~do

predicted portions are shown as dashed lines., Thmisoreabltepe-
ences, degradation from issue from about 97 percetoabu74prnttth
average age of 17,300 miles., The analysis indicatdta hoegaainrt
was decreasing, and a projection of the curve base nterdcdsml
after 17,300 miles indicated that an asymptotic Litcolbesalsedt
71 percent. This indicates that the average missinrlaiiyofteM5.ol
be 71 percent or greater during the useful life ofthveil.Teim btw n
replacement of components for 71 percent reliabilt ilb 32mls

Corrective Maintenance

The corrective -maintenance reliability degraaina: ucino eil
age is shown in Fig., 18., Corrective maintenance sdfnda h aneac
performed to restore an item to a satisfactory coitinb orcigaml
function that has caused degradation of the item beoIh pcfidpromne
The repair and replacement of components wasusto siaeti aneac
requirement. The curves have the same general saea hs eeoe o h
mission-reliability data., The statistical average acoptda 9pret
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Fig. 17-Mission Reliability Degradation as aFucinoVeclAg
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Notice that 20 percent of the experiencedtmsbwenrpamnsae
less than 400 miles., This reliability o~f

R4 50 e-n4 50/ 40 0 -033(4

or 33 percent, can be stated with an 80 percentcniec.Tnpreto h
values are below 120 miles.

A reliability of
R450 -m4 5 0 / 1 2 0 02

or 2 percent, can be stated with a 90 percent cniec.Ti stevleo
confidence that is used most frequently.

TABLE 36
Probability of Survival for 12,500 Miles for teM5 -o tlt rc

(sample size, 100 Vekicl)

System and component fuaniure Copoen

Power plant
Engine 6 9
Transmission 16 8

Power train 3
Clutch 57.4
Differential 5 9.
Propeller shaft -

Universal joint 1I9.
Wheel bearing 54 9.

Cooling system 6
Radiator 24U7



The fact that the Army is maintaining a statofraieswlhven
effect on the replacement rate. The degree of thsefcVano edtrie
from the data. Therefore the variation, or errorinungteepamntoa
component to imply a failure rate cannot be quaitaieyasse.Ti
single assumption could have a large effect on thV itiuinofteprmtr
and will be discussed in more detail in the nextsetoEvlainfthOp
erational Concept."1

Probability of Survival

The probability of survival for 12,500 milesfrteM5 /tnuily
truck is shown in Table 36, which contains a listall h rtclcmoet
that failed during the first 12,500 miles of operato ihnth 0-eil
sample. The probability of survival was computel o ahcmoet hs
probabilities were multiplied to obtain the probabltEfsria o aho
the major systems. The overall vehicle probabilt:f58pretwscm
puted by multiplying the major systems probabiliis

This computation indicates- that there is a 58pretpoaiiyta h
M151 operating under the environmental conditioseprecdbbh eet
Army would be capable of going the first 12,500mieoftslewthny
scheduled organizational maintenance. This estimt sbsdo h sup
tion that all corrective maintenance to componenti ol atutltenx
scheduled maintenance period without immobilizigtevhce

VE.VALUATION OF THE OPERATIONAL CONCEPT

Introduction

The primary advantage of accumulating reliaiiydt sta hs a
be use to prdc or caclt th reiblt of an eqimn ite whe it is - --- 10-1-*1A g



requirements.. [2] Significant Army materiel needs aesae sqaiaiemtre e
quirements (QMR). P] A qualitative materiel requireet(O SR 6)i eat
ment of the Army approved statement of a military redfranwiesseo
assemblage, the development of which is believed feaibl.(1Teqaiaiemtre
requirement is directed toward 'attainment of new orsutailyimrvd aeil
which will advance the Army's major materiel needs i em fmltr hrceitc
and priorities and relates ma*,%riel to the operational n raiainlcneti hc
it will be used. [5] QMR's are stated at the earliesttieaerhendisecgzdad
feasibility of development has been determ ined. [61Thsmldelo enrqueet
(SDR) (RCS CSCRD-65) states a Department of the Arm edfrtedvlpeto
equipment of proved feasibility which can be developedi, hr ieadbcueo o
cost and simplicity of development does not warrant teetbiheto ulttv
materiel requirement. [7] Technical characteristics mlfih hrceitc otie
in the qualitative materiel requirements. [8] Noral amlfctoisbedntchca
feasibility studies and component development conductdIlepnet ulttv a
teriel development objective. [91 They provide the baiofsefctinfrthdvlpr
and assure development of a militarily acceptable itmaW rdcal ot 1]Te
will reflect adequate consideration of the specific enviomnnwih h n tmwl
operate to assure that only those specifications or parsoipcfctos ietyapial
to anticipate environments eventually result in contraculrqieet.[1 hywl
include a quantitative reliability and maintainabilityobetvthtcneahiedwhn
acceptable time and cost limits.

The 'Format for Submitting Qualitative MaeilIeurmetVsdecie
in. App I, pertinent sections of which follow.

[12] Characteristics stated will represent mandaoyo iiu cetbepr
formance features that are "essential" to product's aEptne n etrsta r
"desirable," 'i.e., desired if achievable without a disprprint nres ncscm
plexity, and lead time while maintaining the required sadrso eiblt n an
tainability.

[131 Performance Characteristics -specific peromneeqimnttopmt
clear understading of features that are "essential" topoutsacpac;adfaue
that are "desirable," i.e., desired If achievable withou( ipootont nraei
cosat, conmnpeity, and le~ad time while maintainingr thereuedsaadsorlibit



for a QMR by stating, "To the extent practical, expesqatttiey(faal
able , use probabilities)."1

The specification of quantitative reliability paaeesinteQIi
therefore not required by AR 705-5 unless it is prcialtods.

The "Reliability Program for Materiel andEupet'a tte nA
705-25 implies that the quantitative specificationofrlaityspaccbe
and that many operational and planning parameterscnb:eemndadse
cified quantitatively at the QMR level. The rationaeo hscncp xrse
in AR 705-25 will not be reviewed within the confieoftssud.Hwvr
several related questions will be discussed in detl

There is a basic difference between the QM] n h ehia hrc
teristics, a subordinant specification. The QMRisagnrldcm tsaig
a general hardware concept that will satisfy an Arm atclcnet h
Technical Characteristics is still a general documetu thsbe eae
to a specific hardware concept based on technicalfesbltancopetd-
velopment., This relation is specified in sentences7ad8ich utdscin
Sentences 9,) 10 , and 11 state the purpose of the TehiaIhrceitc n
what they should contain relative to reliability.,

Reliability must be related to a specific hardwr aaiiyo thsn
meaning. In most instances reliability is subordinataddpneto h e
quired performance. In all instances, it must be;ataeofatrreaiet
performance and cost. This trade-off cannot be pefreIrevnasse
until a specific hardware concept has been determie.EerhnteAm
tactical materiel requirement has been developedt h ehiclCaatr
istics stage, it isi difficult to assess or predict relaiiybcue fa nblt
to obtain relative empirical data,

Reliability Data



failures of a primary nature with failures of aseodrnaue Thabit
to discriminate between causes of failure is a motiprat aaiiyo
operating personnel,

The analysis and evaluation of maintenancedt odtrmn obtms
sion reliability are of doubtful value. If the maenacaaaecmlt n
contain no omissions, they may represent the wos1aeoevr vnti
assumption cannot be logically supported becausi fcnieal ifrnei
operating conditions.

The peacetime mission of the 7/4-ton utiliytukiHeydfeetfo
the wartime combat mission it will be expected oprom h ectm
mission is primarily to be available to assure cma edns.Fracm
bination of reasons, peacetime experience is an niet nopee n lue
indicator of wartime requirements.

Maintenance of Army equipment is a majorpolm oevr fetv
maintenance of Army equipment, although crucia otemblt n edns
of Army forces, is not directly relatable to the rlaiiyteeupeti
capable of providing in a combat situation.

An analogy of the relation between the indcatdpaeiemsinrla
bility and the wartime combat mission reliabilit a emd oasoesre
analysis. Can a detailed measurement of the siecrwhrtvlcteco
the smoke screen by lay personnel ever indicatewt ofdneteszgot
rate, velocity, etc., of the fire ? The fact that tecueo h mk ceni
a smudge pot or a California brush fire may notbevintwhotacsdtie,
accurate investigation. Perhaps the subjective pno fa xer ae netn
sive knowledge and experience could supply preitoswhfagrtrcnidce

The maintenance data utilized in the previosscin"nlsso aneac
Data" are representative of what is being experecdbthspaiulram e
vehicles., Field modifications and Army policies rcdrs n prtoa
concepts have changed during and since the timetedtnee eodd h



The operational concept of reliability measurmn n rdcini
theoretically based on data from field utilizationoftequp ntsbcedo
the actual conditions of use and operation for whichio it isntnac desined The utili-sson

only be applicable under conditions that the datareesnwihaetoef
the peacetime Army. The equipment was not primrldeindfrtepce
time Army.

RAG proposes that the only effective measurofelaityorAm
equipment must be in combat or in a simulated cobtsuainAsmlte
combat situation whereby the mission reliability o h 117-o tlt
truck could be determined is as follows: Select a ranormcma-ed
units appropriately sized samples of vehicles. PefrI rlmnr npc
tion sufficient to verify the vehicles' condition andraies utntdtie
enough to disturb the existing condition of the vie.prt hevhce
according to a properly designed test program suc, stemsinpooe
in the QMR in Sec II, Par 2,,b, There is a possibiltthtscaprgmcod
be operated consecutively with other training exerie.We( vhcefis
a detailed technical analysis and evaluation would epromdt eemn
the cause of the failure, and other contributing enirnetlfcosThex
perience of the sample vehicles would be supplemetdbih nlsso p
propriate data such as the Army equipment-recor-ytmda.Tepcnag
of vehicles that could completLe the test satisfactoilwodreesnthmiin
reliability. The test would be analogous to the firt6dy tth ubeko
war. The analysis and evaluation of the results ofsc etcol eemn
existing reliability and provide a firm base for deinmpomntfprst
and future vehicles. This proposed program will rvd.eibiiydt'ee
to missions and simulated combat conditions..



COST ANALYSIS

TARGET COST

Various means were used to obtain componnirdvhcecsso h
proposed 7/4-ton utility truck. During this studyi a ifcltt banfr
costs on vehicle components from vendors or tukmnfcuessnete
coi sider these costs proprietary in nature. It wsas eeal gedta
many factors that can vary the cost structuremutbcosdr.So'ef
these factors are the delivery rate, quantities rqiepoutnc~iya
the time, available tooling, and management plophatheim teypl,
the burden, rate, etc. The present M151 1/4 -tontukibegprcadfo
$2442 average unit cost. One of the desirableobetvsfthprenQM
is to produce a 7/4-ton truck for a target cost of:10.Ti tuyhsdtr
mined that an austere '4-ton truck can be producdfrapoiaey$90
but at the expense of some desirable featuresadwt, rdcini rlaiiy
Tis estmtdcs was10 basedn oknn A% smplWiing ormdfigtevhcewt



TABL E 37

Estimated Component Cost

Cost decreaseCstdcee
Estimated resulting from Etmtdrsligfo

cost of substituting cs fsbtttn
M1 51 commerciallyM51cmeial
part s, available parts,patvilbears

Component dol lars, dol lars Componnaolr olr

Radiator 16.70 Body 120 50
Carburetor 15.50 11.30 Windshield 34.
Air cleaner 9.74 -Rear-scat

Fuel pump 16.00 16.00 assembly 26 26
Fuel tank 13.50 -Trim asseml129-
Muff 1cer 4.26 1.00 Front-seat
Exhaust pipes 1.83 -assembly4.060

Spark plugs 1.80 -Hood assmbl 02
Igniter 16.70 -24-v switch85185
Starting motor 21.00 11.00 Spindle assmli26
Generator 58.70 34.00 Towing eyel.467
Regulator 20.40 20.40 Circuit breae .755
Batteries 15.80 7.90 Wiring hares3.245
Headlights 9.50 -Horn72040

Transmission and Ignition, stre
transfer 230.00 105.00 switch 1.070

Propeller shaft 28.00 Air- rop, eye
Differentials 250.00 130.00 and nuts .478
Sleeve assembly 23.10 -Door andcrti
Sraf a0 d crs as ble 405 40.56



VEHICLE COST REDUCTION

The present M151 was studied by systemso yidiiulcmpnnst
determine possible cost reduction and still reti usatalypeetpr
formance and cap2&)ilities. The cost estimateslse nTbes3 n 8wr
obtained from component manufacturers presetyspligmiarorc -
mercial items, and from present spare -parts cosl aaaalbet h oenet

TAB LE 38

Electrical -System Cost ReutiF

Item Comment rdcin olr

Ignition system No significant change-
Starter No significant change unless alternatvenies

used, then cost savings would be1.0
Lighting system No significant cbartge-
Batteries No significant change-
Fuel systemi Elimination of electric fuel pump, oil-rsue wth

circuit breaker, and associated calin n
connectors206

Cabling No significant change-
Circuit breakers Use of weatherproof circuit breakersintaofwer

proof circuit breakers 12
Generator and Replacement of the present 295-amp, genrtradrg

regtdator ulator with a 35-amp alternator and(efco'ie
rectifiers and regulator491

Total saving 89



Tooling., The cost savings in tooling are estiae ntebai faotz
ing the total cost over the number of units produce.SneLettlqatte
under consideration are relatively small (compare otediy upto uo
mobiles), the advantage of automating productioncantbrelzdAuo td
production generally is not considered for quantitilestaaprxmel
250,000 units,

TABL E 39

Savings Realized from a 50 Percn

Increase in Quantity

Manufacurn
I breakdon o

Item30 
0 0

units, % uis

Tooling 2.01.
Materials 55.0 5.
Direct labor 13.0 1.
Overhead or burden 15.0 1.
General administrative 10.08.
Prof it 5.05.

Total 100.0 9,

Saving9.

TAB3LE 40

Cost Decrease for Various Unit Inreae



amortizing the learning costs over a larger quatyofvhceatrtelbr
cost has biecome relatively stabilized. This assmso ore htcniut
of the program is maintained.,

Overlhead. Some overhead, and burden cossaigarrelzdbtein
crease in scpantities, since personnel and fixed ot r o infcnl f
fected by the iacrease in numbers of vehiclest eprdcd

Genexal and Administrative. The generaladdmnsrtvcotp-
centage generally varies inversely with the totai oueo uies nti
case resuiling in a slight decrease in cost.,

Prof Ut. The percentage of profit does not aysgiianl ihvlm
However, :increased quantities may provide addtoaineivtom ag et
to be more competitive in their bidding.

The (decrease in costs when larger number r rcre ssoni
Table 40 a~rid Fig. 19.

8

I.
8

0

0
U



to that configuA. ation. The military vehicle, on hite ad utb au
factured to meet all the requirements of all misosadevrmnt.Ts
is reflected in the cost, and therefore the militrveilwodntbecm
petitive in price with the, majority of the comrcamrkt

EFFECT ON GOLD FLOW OF SALE TO FOREIGN OENET

Any effect on gold flow will of course be md hog u blt osl
to the other armies of the world. It is estimate htt ecopttv h
delivered price of a 'A4-ton truck should be rnotoeta prxmtl
$2000.*

The Kaiser CJ3B "civilian Jeep," now beigfrshdtouhMPcss
approximately $1600, not including delivery cosshslwcoti fcus
associated with the high production rate. Howevr hsvhcede o n
dlude all the capabilities normally associated wt iiayrqieet.A
shown in this study, a minimum military configrto spssbefracs
of apprc-,ximately $1900. When shipping costsofaut$0aradethttl
cost is at a level that would probably produceveyfwsl.

A very high level of compet'."ion for thismaktwlexs.Curisuc
as England, France, Germany, Sweden, Italy,anJpnwihterelivy
lower wage scales can produce vehicles with thi eesi iiaycaatr
istics at much lower -cost.

To the question, "What impact would subsatlsleof7totrcso
underdeveloped countries or to our West Eui pa lishveo u aac
of payments or gold outflow?" there are two anses

First, sales to the underdeveloped economewolntafctheU
balance of payments adversely. Deficits have ivle odslspiaiywt

contientalEuro e US exenitre in JaaCndadteudreeoe



Since selected components that are currently poue ontncsaiyme
the exact requirements, the choice will generalyb h oeta s otefc
tive for its cost.

The Borg-Warner T99A transinission withtesnl-ag rnfrcs
was selected because it had much greater torqui aaiiista h rsn
M151 transmissioa assembly. The trade-offintscaeho vrwsalgt
increase in weight.

A commercial differential and axle withpoelckwseetdfris
low cost, but with a decrear~e in driver comfort

The elimination of the electrical fuel puminfvrothegi-dvn
diaphragm pump was a design trade-c f to achit oe eil otadt
reduce maintenance. Additionatl cost savings ol eraiedb ipiyn
the fuel tank and by eliminating the oil-pressur wth icutbekr n
cabling. Under specific, rare conditions some oso eibliydet ao
lock can be expected.

The deletion of the waterproofing requiremnso h nin tre ol
reduce cost, but the components could not besumreinwtr

The elimination of the- leakproof test, flanepiecnctostalie
extension, and commercial cold-rolled steel fortemflrwscniee
design trade-off for the vehicle's fording capabiiyadcs.Tepp x
tension would be added as extra length to the exasirtipp.Tecmlt
muffler would be fabricated from stainless stelbhc ol nraet~
m'.ffler's life approximately 200 percent at acotireeofnl50pcet

A commercially available mirror was traddfraMlSeirr h
commercial vers.ion is cheaper, less complicatdanwilpromhes~e
function. However, this mirror is not fungus rssat

Military specified wheels were traded forcm eialavlbewhls
These wheels are less expensive but are not inecagblwihtoef
other I 4 miitr vhc.



VEHICL SYNTHESIS

VEHICLE SATISFYING THE QMR

This study has revealed that a vehicle can be rdcdtietalesn
tial requirements specified in the QMR except reliblt.,'0prcn rb
ability of operating the vehicle for 15,000 miles wihuvedo io vr
haul and 25,000 miles wiihout need of a major overali(usind h
present M151 vehicle has attained a 90 percent capbliywenealae
against a 10,000- and 20,000-mile durability test oe 00mlscoscuty
6000 miles on secondary roads, and 8000 miles oahgwy.Th eurmn
of 190 percent capability of a 15,000- and 25,000-ietscreioism h
more difficult or may even be impracticable. Indutyhsntavcete
state of the art sufficiently to be able to state with nlsuac htti
could be accomplished at even twice the cost of thepeetvhcei eii
tion of reliability or probability of operating a vehle o 'e ubro
miles should be clearly stated in the QMR, sincepesnlinndtrad
government have various interpretations of this reqieet

This vehicle, however, would have a 75-mile/a iso rlaiiyo



be at least 60 deg and the angle of departure,45dgThveil'etmad
weight would be within the maximum curb weigh f20 bad ol aebt
two-wheel-and four -wheel-drive -capability. TherqieIiebtenshd
uled maintenance would be met. This vehiclewolbepdudtoact
various kits such as arctic, personn-el heater, dsrsae omnctos
HAW, and light -machinegun kits, I ne desiredtagtuicotw ldntb
met. In all other respects the vehicle meets theQR

The estimated cost of a vehicle meeting thI eurmns nteQR u
with a presently attainable reliability factor, wol i$20 npouto
quantities of 10,000 per year for 3 years.

AUSTERE VEHIC LE

This study has revealed that a vehicle canbprdcdathdeid
target price of $1900, but it would not meet alltesenilrqrmns
specified in the QMR. The two major def icienciswudb eue eiblt
and absence of the desired floating capability., aydsintae-fswr
theoretically applied to reduce the cost, but atthexnsofrlaitydu-
bility, and performance.

All major components of the vehicle were vlae ndtalb oprn
M151 military specification (Mil Spec) componts ihcm ecal vial
components,,

After a thorough analysis of various availbecmoetsadtercm
patibility with selected components, cost saving eeetmte ycnatn
component manufacturers now supplying militar rcm ecaliesadb
compiling present spare-parts data available totegvrmnt pr-at
cost data were discounted for normal markupsinarvgatheuico.

Majo cotsvn0 opnnsae



Generator., The Mil Spec generator would berpaeIyacm eca
alternator modified to incorporate radio suppresion hsatrao ol
have better generating characteristics at lower einermbtwudntb
waterproof.

Batteries., Since the electrical system wouldb 2vsseol n
Mil Spec battery, instead of two, would be required

Transfer and Transmission., The present MI Se rnfr n rnms
sion would be replaced with a commercial WarnerGa K50.Teecm
ponents are in high production and would provide go eil eiblt n
performance, but at the cost of some additional igt

Differential. The present Mil Spec differenta ol erelcdwt
commercially available differential presently in hg rdcinadwudhv
good reliability and performance. It would not beitrhnabewhohr
military vehicles such as the 3/4-ton 6 X 6 truck.

Brake Assembly This assembly would be i codnewt h i pc
except that it would incorporate commercial platigadpesrain

Wheels and Tires. The present Mil Spec 7:001 -l yo ie ol
be replaced with commercial 6:70-15-2-ply rayon ie n ol tlz ih
production commercially available wheels.

Engine. The present Mil Spec engine specifctoswudbmdiedo
take advantage of commercially available compontshametllrqimns
but do not comply with present Ordnance drawings hswud emtcmo
nent parts such as bearings, rings, and valves to eprhsdfocopttv
sources. Performance and reliability would not b fetd

Vehicle Boy The present M151 body requieaprxmtl400so
welds., It is estimated that with some redesign thsnmecolberdedt
2600. Also, 1010 sheet steel would be substitutedo 07 ndcm eca



Door and Curtain Assemblies. The dooi n uti sebiswudb
eliminated on all basic vehicles but would'b rvdda i hr edd

Pasne Windshield Wiper. This widhedwprwolmeeiiae
because it is not necessary for satisfactory eil oeain

Miscellaneous Items., Eliminate manyoqh iclaeu tm uha
the air-cleaner inlet panel on the hood, axesoegscn tas t.Po
vide as a kit when required.

Wheel Nuts'. Replace the present 7/1O6 0sus n laig lnent
with standard high-production '/2 x 20 studsnus Ti ol ntafc
reliability.

Oil-Pressure Switch. The oil-pressuresic ol eeiiae ic
it would not be required with the engine-moutddahamfeiup

Right Air Vent. This vent would be eliiae"ic ti o eesr
for satisfactory vehicle operation.

Floor Drains. The floor drains could b lmntdsnete r o
necessary for vehicle operation, particularli o eil ihu laigo
fording capability.

Undercoat. Undercoating would be elimntdsnecorso:a o
been a problem and present paints provide sfiin rtcin

Various Rubber Parts. Replacement o rsn 6 0  i pcrqie
ment on rubber items with commercially avalbe-2 0  ubrcmoet
would not affect reliability.

Hose Clamp. Replacement of preset M pcsan sselcap
with commercial steel clamps would not affcleiaiiy

Rear-View Mirror. Replace the presetMlScrarvwmiorih
a commercially available mirror. This miro'oldntb.ereial
sealed but has a good gasket and basicallyacopihsteam rsu.

Fuel-Tank Cap. Replace the present MlSe a ihacm ecal
avai.01lblef cap.



cross-country mobility is evident. The austere vhcewudntb prcal
lighter in weight for transportability consideraiosansprprtpeetl
in the system could not properly support the vehce

On the other hand, should these vehicles beudprm ilfovaos
administrative, general utility, and troop-trainingproe uigpaeie
the austere vehicle could well suffice.

It is recommended that a compromise betwentepeetrgdMSe
and the foregoing suggested relaxation of the spfictosb osdrd

RECOMMENDED VEHICLE

As a result of this study it is believed that eil hul edsge
and produced that meets the QMR as nearly asposbewtithlmtsfa
reasonable cost. Since good design alone requirstaeofreiblyws
stressed, considering both initial and total operaigcs.Tispooe ei
cle will meet all basic requirements of the QMRecpthinrntfoig
capability and the probability of operating 15,00 ieOihuCane o io
overhaul and 25,000 miles without a need for maoovrulAtehilaa-
ysis was made of every major system, and varioscm netwrealyd
to determine which would result in a most effectvveilfoiscs.

It has been decided as a result of this analyiththepwrrans-
tem should incorporate a domestically manufactrdlqi-oedgsin
engine., The present M151 engine, Army Part NoI 741,ws eetda
reliable component. This engine has operated uneieeecniinada
a result of tests many modifications were incorprtdtzmrv t eibl
ity. In order to reduce some costs it is recommeddta hs nieicro

rate~~~~~~~ som comrilyaalbeprstatwudpri.optto rm



satisfactorily. However, the main objection isthcotsieitsprdedn
relatively low volume,

A number of differentials and ,ales wereanledpirtmkngaec
ommended choice. It has been determined that h rsn 15 xei ea
tively expensive and incorporates a through shaf o ohtefotadra
axle, primarily. for interchangeability with thoseo h 4 to rcs h
differential does not incorporate a power lock,sicspeddnoprmths
within the design,, The omission of this feature ol eutinsm oso
mobility. It is therefore recommended that the aaMdl 4 n 43df
ferentials and axles containing the power-lock faueb noprtd hs
differentials are available now in large-quantitypoutoln a epr
chased for approximately hal the cost of the preetM5 ifrn il ti
the write rs' opinion that this differential would rvd aifctr efrac
and reliability.

The vehicle suspension system was analyzdfriselaltydublt,
operator's comfort, and cost., The present M51inoprtsidvuacil
spring suspension, which results in smooth ridigcaatrstc.Tecs
of this smooth ride is considerably higher than hto vhceicoprtn
individua.1 wheel leaf springs., Statistical data i h il aeidctdta
this smooth riding feature has resulted in a highracdnlaebcueo
the driver's loss of "feel" of terrain conditionsm ti eomne htia
springs be inoprtd they would be less coslwudmitnvecere
ability, and would provide more physical spaceintengecoprm thu
allowing the designer more flexibility in locatin soitd opnns

Standard heavy-duty wheels are recommeneiorpaete~X2
studs and floating flange nuts with standard72X0stdannu.Ahi-
grade military tire would be retained.,

Various materias were considered for thU eil oy u hsaayi



stines~see mfferwould in all probability I~~D

cost 50 percent while increasing its life 200 percet
A user survey was made to determine how otntevhce eesb

jected to deep-water fording. This survey showethtviceom adr
found deep-water fording impractical and had devsdohrmencoacm
plish this mission, Deep- water -fording capabilitreuedmnfauesi(
the vehicle that were expensive and required extniemaneace ti
therefore recommended that deep-water -fordingreuemnsbeliatd
This would in turn rcsult in a more reliable vehice

During this study continuing value analysis wsmd fbt h eil
and its component parts. Many areas were foundweeraigscfcton
were more stringent than required. A typical exapei.h USeso
rubber compounds., These called for certain physclcaatritct-5F
Since these vehicles would not normally be operatdutlhae yawneia
tion kit, and since flexing automatically raises thinealtmetueote
rubber, it is felt that products meeting the -25 0F'pccaincul epr
chased at half the cost of the higher -specificationrbe opuns h er
view-mirror, fuel-tank-cap, and radiator-ocap cosscudbieue yseiy
ing commercially available items in lieu of thosem tigpentMlScs
The vehicle's reliability and performance capabilte ol o erdcd

It is estimated that the recommended vehiclasdcrbdouded-
signed and produced for a cost of $2250.

The floating requirement as requested in thV rsn M ol eur
redesign or modification of many of the componet.Ti oldi unrdc
the number of standard commercially producedcopntshaculbeior
porated, which would proportionately affect thecotInadinthvecl
body would have to be constructed watertight withissdsrie oa es
10%-4in, freeboard. It is the opinion of the writer httewae pe



IMPORTANCE OF VEHICLE WEIGHT

An investigation was undertaken to determie: feto eil e
weight on land -transportation cost and air-trasprtonage

Regarding the former it was determinedthtbsclyheotofra-
porting 7/4-ton trucks by rail or highway is indeedn fveil egt
Rail costs are based on the number of vehicles laigcagetecs e
rail car (bi- or trilevel), and distance considertos(insfoignade-
tination). Truck costs are determined on a cosc e eil ai ht o
given point -of -or igin -destination combinationiacosntfrllvhle
within specified weight classes (i.e.., 3200 lb orls,30co 50lec)

The method of cost calculation for rail andhgwyvhcetasotto
is as follows:

Rail cost = number of vehicles x loadingchreprvile+(ubro
vehicle s/number of vehiclesperaicr>coteralcr*

Highway cost = number of vehicles x cost perehct

Air-transport range is inversely proportinltcagwehtihnte
capacity limits of the aircraft. The relations btenwih n e-ee
standard range for the Army aircraft that are cpbeo rnprigoeo
more 1/4-ton trucks are shown in Table 41.

TABLE 4. ALE4

Weight Range Relations Dces nRnewt 5.bIces
for Army AircraftinTckWgh

Increase in wt, 1b, causingDeraeiNonl
Aircraft 1..NM decrease in range Arrf agN agN

Caribu(V-2B) q, CV2 7297



Appendix A

Proposed Qualitative Materiel RequireetfrTuk
Utility , '/4 -Ton [CDOG Para16c()

Section I - Statement ofReur et

1. Statement of Requirement
a. Truck, Utility, 14-ton
b. An austere, low cost, personnel and weaponscarewihaatdpyodf

,4 ton. Its. mile-per -gallon fuel consumption must equal rb mrvdoe hto
current %/-ton truck., It must have a minimum cruising rneo 0 ie ftae
without refueling., An inherent swimming capability withntelmttino oia
increase in cost is desirable. It must be air-transportalinPseIofirre
operations without sacrifice of durability or reliability.,hsvhcewl elc h
Truck, Utility, 14-ton, 4x4, M151. It will be used on andf odan a eue
throughout the theater of operations, in close support of'ihigveilsadrosa
a command and communication vehicle; as a carrier for esne ndwaos n
should be capable of towing standard 1/4 -ton trailers, T 6-7

Section 11 Operational, Organizational andLoitclCnet
2. OperatioNal oncpt



the 1'4-ton Command and Weapons Carrier.) It will'b aal fatann iha
speeds comparable with other current standard or devlpetlruk(adw n
operating off-road to maintain continuous forward movmn)4h eil ilb e
quired to perform its mission as far forward in the coma oea emdtcial
advisable, and for a duration of up to six days as statedi rcdn aarp b

e. Emphasis should be placed upon the ability oftevhcet1promoe x
tended periods of use with only scheduled organizationlmitnnean ihu alr
of accessories or integral major components.

f . The time to service the vehicle for recommitet rdsac hl o x
ceed 15 minutes assuming no repairs are required.
3., Organizational and Logistical Concepts

a. This vehicle may be organic to all arms and(evcs hi spoteeet
and administrative units, It is anticipated that this vehcewlearpaeetie
for many of the present '4-ton trucks.

b. Replacement of some of the present '4-ton trcsbthsvilewlrque
a similar number of vehicle operators based on drivert-eil ato prvdi
current TOE'Is.

c. Logistical considerations of supply and resupltatr hul erdcda
compared to those in effect for current '4-ton vehicles

Section MI - Justification, FeasibiliyadPort

4. Reasons for Requirement
a. In July 1960, CRD advised USCONARC thatteapoe rm eeomn

program for wheeled vehicles had not been fully imple]tdadwsntflycr-'
patible with future operational concepts., Reappraisal fteAm''rqieeta
directed. In October 1960, USCONARO forwarded the eutffti td.Dvlp
ment of a fleet of wheeled vehicles in 6 payload categoiswsrcmeddtinle
a new '4-ton truck to replace the current standard M5'4tnruk

b,, In addition, on 26 August 1963, Department ofteAm1ietdta M
be developed for a new '4-ton truck with sheer useful fntoaim nti M h
focus should be on simplicity, durability, ease of operainad aneace n e
duced cost in relation to the M151,,

c. This vehicle is required to fulfill the tacticalmbltseurmnsevsoe



Section IV - Characteristic

7. Performance Characteristics
a. It is essential the vehicle possess:

(1) The capability of being operated with a50lbpyodiadtonoth
weight of a driver and one passenger in the temperate clmt4oeoe aiu ye
of roads, and off roads over open rolling and hilly terrin md nwadsn;oe
all types of terrain, under all seasonal conditions in tropcadsbrti lmt oe
to the maximum extent practicable.

(2) Equal or improved cross-country mobiliycaatrsisoe h
current standard %/-ton trucks.

(3) Equal or better fuel economy than thatoftepsnttadr /to
truck based on miles-per-gallon.

(4) An inherent floating capability in inlandwaesitotpcalrpr-
tion, as defined in AR 705-2300-8, "Water Crossing RequrmnsfruueCma
and Tactical Vehicles," provided such can be obtained ithnoealvhcecsb
jectives.,

(5) The capability of ascending and descendigdylniuia lpsu
to 60% with payload and of being operated on dry side sloe pt 0 ihpyod

(6) The capability by driver application ofsevcbrksofenghl
9ad controlled when asceaiding and descending a dry 60%c liewthpyodado
being brought to a stop on a dry level roadway within 301etfo 0mp ihp~od

(7) The capability, with rated payload and toeIod fbigoeae o
at least 300 miles, at average safe operating sp..ds, unewvrg odtosoe
representative courses which consist of 30%~ highway, 40 seodrrasan3%
cross-country, without refueling. Its battlefield day peromneudrtec ba
vehicle criteria of 40 idling, 40% cross-country and 20%scnayra prto
shall not be less than that of associated tanks, APC'Is, etc

(8) The capability of being operated on dry, eehr-ufcdrasa
sustained speed of at least 50 mph and at a minimums ssinqdsedo '2mh

(9) The capability of maintaining a speed of 0mho r ' rd
while handling full payload and towed load.

(10) A horsepower -to-weight ratio of at least3iptno rs eil
weight,



b. It (1s) desirable that the vehicle possess thefolwnpviethycnbo-
tained within overall vehicle cost objectives:

(1) The capability of operation on a wide rneo iudptoemfes
(2) Be capable of employment in Phase I1ibreoprtos
(3) Be capable of self--propulsion over inadwtrasahpeso pt

4 mph without special preparation.
(4) C(,mpatlbility with the present -tontuktalri"esbe

8. Physical Characteristics,,.
a. It is essential that the vehicle possess:

(1) A payload capability of 500-lb plus th0 egto rve n sitn
driver.

(2) Minimum overall dimensions consistetwt te rqieet n
shall not exceed the limitations of AR 705-8 insofaraspctabe

(3) Wheels as a means of land locom c in
(4) The capability of transporting at least4pronl(nldnirvr

and their individual combat equipment and arms;, or die n sitn rvrpu
rated payload.

(5) A provision for stowage of vehiculartolaneqim tadthi-
dividual weapon for the driver.

(6) A provision for the stowage of a sparetr-rohrdeiewihwl
provide a 'get-honie"l capability., Subject item will nor cuyayo h ag pc
and will be accessible when the vehicle is loaded.

(7) A container, preferably built into the eil ah fsfiin iet
hold operations manual, equipment log book, accident eotfrsadohrrqie
publications and forms.

(8) Suitable meanis for lifting and tie-downdvcsfrriaradmrn
transport, including external transport by helicopter.

(9) Turn signals. These will not be operal ne lcku odtos
(10) Sufficient clearance to permit the usftir hiso rcindvcs
(11) The current military standard 24-vol( giinadlgtn ytm

fully radio suppressed and waterproofed, with a 60-70apr1lentr
(12) Standard military accessories, such bruhgadtwn te

trailer electrical receptacle, reflectors, tow hooks,litneysadoladfulitrs
provided cost objectives are maintained,

(13)An anl of aproc of not les tha 60 degees



(24) Maximum safety provisions for per'sonneladeupetdrnih
operation, storage,, transportation, and maintenance phase ftelf f hseupet
Such items as hand holds, safety straps, guards around hItsucsad oigprs
and warning signs or decals must be provided.

(25) Maximum vehicle stability during operatina l ped hog e
sign speed.

(26) Protection from inclement weather for pesne1ndpyod
(27) The capability of operation in the extreme fevrnmnwt h

addition ofkits.
(28) A windshield design which will afford protcinfo rs n vr

hanging tree limbs, and for folding and locking to the hoiznaad/remvl
(29) A minimum practicable curb weight, conssetwt thrcaatr

istics, this weight not to exceed 2700 lb. Performance, duiliy eibltades
of maintenance will not be compromised to achieve weighreutos

(30) A capability of being slung externally fromteuiiyheiotro h
FY 68 time frame and beyond.

9., Maintenance Characteristics
a. It is essential that the vehicle possess:

(1) Design characteristics for minimum practcbepeetv n n
storage maintenance. The vpehicle should be designed tofaittemneanetal
echelons, in minimum time, by personnel with the Least patcbedge fsil n
with the least variety and complexity of tools, equiipment, n upis ostsyti
requirement, moceular or throwaway component assemblie: rprssol eue hn
ever practicable. Maximum accessibility shall be provide ohg otltiopnns
Design for ease of maintenance should not take precedencovrdigfrinead
reliability.

(2) Maximum internal interchangeability and s fcomrily vial
standard components, parts, and modules, where feasible.

(3) Permanent lubrication to the maximum xetposberom esrt
with overall cost nbjectives.

(4) Minimum allowable time between schedule ceoso areac
as follows:

(a) Organizational maintenance - 6 monh
(b) Field maintenance - 1 year

(5) A reasonable minimum variety and quanityo elcmn oue



a. Vehicle Design
(1) Seats,, Driver seat is adjustable fortalndsotmnndriead

passenger ;3eats are designed to fit the back and buttokofte9prcniemn
(2) Controls

(a) The steering control -operator sa eainhpsalpri ae
easy, and comfortable driving.

(b) The control requires as feV11 Movmnsa osbe
(c) Successive control movementsariteeledie.oemv-

ment passes easily into the next.
(d) Controls used in rapid sequencehv nfr ircino oin
(e) Control movements are consistnfoaleqim twhcoe

operator uses,
(f) The method used to prevent accdnaatitonothcnrli

any, does not increase the time required to operatethcorltoshaneettati
is unacceptable.

(g) Activation of the control doesntosuevsa ipa rcn
trol nmarkings, if possible.

(h) Controls such. as clutches and fo hote r oae nsc
manner that -they can be operated easily without the die aigt sueucm
fortable body angles. Controls of this type are also cpbeo en prtdesl
when the d-rltver is equipped with thermal boots (Micke ouebot)

(I) Fon~t throttles are so iocated tha h rvr ihmnmmaon
of movement and effort, can remove his foot from thetrtl n pl h otbae

(j) Trhe driver has the capability o pligtebae aiywe
thermal boots are worn.,

(k) The instrument panel is so locatdta tcnb bevdfo
the normal driving position.

(1) Visual indicators are providedfrnoiiainweegnetm
perature, oil pressure, and electrical system are abov rblwsf prtn ags

(3) Displays
(a) Information pre-ented will betemnmmncsayfrt ai

decisions or actions required of the operator in regar osft ndmitnne
(b) Displays will be simple In desianwilpentifraonn

the most ,,,mmediately meaningful form, i.e., no interpeaino eoigIieurdFOR OFFICIAL USE ONLY



Section V - Personnel and Trainin osdeain

12. Quantitative and Qualitative Personnel Consideration
a. YThe number of personnel required to operateanmitinheevics

should be the same as the number required for the currntntuclspeonl
requirements to operate and maintain the M114 and 1 -o ehce ubtttd o h

4-to~n truck.
b. The present operators and vehicle mechanics wl ecpbeo prtn h

vehicle.

13., Training Considerations. Operators will not needanspcltringohrhn
familiarization with the vehicle.

Section VI - Associated Consierain

14. Training Devices, The vehicle and its components ilb h ny riigdvc
requiring development.

15., Related Materiel
a. Development of special purpose kits shall be cnurn ihdvlpeto

the vehicle. All kits required shall have the following:faurs
(1) Be designed for installation by organAzaonlmn.
(2) If any kit requires power, provisiorn ms emd o ovrino

power available from the vehicle to a suitable form for ueb h atclrkt oe
outlets, including electrical, shall be provided on the vehce

b. The following kits are required:
(1) Arctic (-250 to -650 F)
(2) Personnel Heater (-25)
(3) Desert (1250)
(4) Slave
(5) Communications Installation
(6) Light machine gun
(7) Heavy Anti -Tank/Assault Weapons Syste HW

16. Cover and Deception: None
17. Prbal inerst It Is prbal tha the Brtih Caain an MW Arie would tA SA
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